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IMPORTANT NEWS 


for users of alloy steel! 


Pre-war alloys are coming back into Ryerson stocks, 
in fact most of them are already available. You can 
now get quick delivery on all the more popular types 
from your nearby Ryerson plant. 


This is important news for alloy users. It means 
that practically any requirement can be met promptly 
from stock. Because, in addition to the pre war steels, 
Ryerson continues to stock nickel-chromium-molyb- 
denum alloys developed during the war. 


Proved by top performance in the toughest wartime 
applications, these triple alloys have won a definite place 
in industry. Together with stocks of pre-war alloys 
they give a selection that makes Ryerson the time- 
saving single source for diversified alloy requirements. 


But a broad range of kinds and sizes is not the only 
advantage of Ryerson alloy service. Every shipment 
is accompanied by the dependable Ryerson Alloy 
Report containing guide data and other helpful infor- 
mation for heat treaters. Service also includes the 
expert counsel of Ryerson engineers and metallurgists 
on all of your alloy or other steel problems. 


Principal products in stock: Alloys, including Heat Treated and 
Special Alloys, Allegheny Stainless, Tool Steel, Hot and Cold 
Finished Bars, Plates, Sheets, Mechanical Tubing, Boiler Tubes, 
Structurals, Inland 4-Way Floor Plate, Reinforcing Bars, Weld- 
ing Rod, Bolts, Rivets, Metal Working Machinery and Tools, etc. 


Have you made use of this complete service? Cheek 
with the nearest Ryerson plant next time you need 


alloy steel. 


Joseph T. Ryerson & Son, Inc. Steel-Service Plant: 
at: Chicago, Milwaukee, Detroit, St. Louis, Cincin- 
nati, Cleveland, Pittsburgh, Philadelphia, Buffalo 


New York, Boston. 


Ryerson now spark tests all alloy bars for correct analysis... 
a double-check on type of alloy, avoiding the possibility of 
mixed steels. The expert testers can quickly determine type by 
the pattern and color of the sparks. A final assurance that 
Ryerson alloy shipments will be exactly as ordered, 


RYERSON STEE 
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Tue end-quench hardenability bar has acquired 
wide use in the past several years as a means ol 
predicting the behavior of a particular steel during 
the quenching of some commercial part. One way 
f using the data is to correlate by experiment the 
hardness obtained at, say, the cenler of some com- 
mercial part with the hardness obtained at some 
particular position on the end-quench bar. It is 
supposed that the reference point established on 
the end-quench bar for one steel will also apply for 
ther steels. If the Rockwell hardness at, say, 
the center of a commercial part made of a certain 
steel is found to be C-30 after a standard harden- 
ing treatment, then the distance from the 
quenched end of a hardenability bar of the same 
steel which is C-30 hard is determined as a ref- 
erence point. Another steel developing a hardness 
f C-40 at the same reference point on the end- 
quenched bar would be expected to produce a 
hardness of C-40 at the center location of the 
commercial part in question. This line of reason- 
ing is probably valid and will probably give results 
iccurate to production limits so long as the steel 
‘omposition is not radically changed. 

Recently there has also been an increasing 
number of attempts to translate this correlation 
[rom hardness to a definite cooling rate. The 
reasoning is that for a given steel and given 
iustenitizing treatment, the hardness (and micro- 
structure) is dependent upon cooling rate and 
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cooling rate alone. If this is 
true, then it follows that 


End-Quench Hardenability =» ¥ns:ni 


hardnesses and microstruc- 
tures. Hence, if the cooling 
rates at different positions 
along the end-quenched hard- 
enability bar are known, and 


Versus Hardness if the cooling rate at some 


particular location within a 
commercial part is known, 
then the metallurgist can 
predict hardnesses and 
microstructures from end- 


of Quenched Rounds __ rte! prscmnitiy tots 


open to question. 
Metallurgists, as a group, 
have long neglected the fact 
that Gibbs’s phase rule in its 
complete form contains one 
more degree of freedom than they are accustomed 
to using. This extra degree of freedom is pressure. 
Since, in studies of metallurgical equilibrium, 
changes in pressure involve only atmospheric pres- 
sure changes, and since the volume changes of 
metals are small during heating and cooling, the 
pressure dimension in equilibrium studies has 
justifiably been neglected. 

However, it does not follow that pressure (or 
stress) can be neglected in studies involving 
kinetics. In the presence of severe thermal gradi- 
ents, severe thermal pressures (or stresses) cer- 
tainly occur. Allotropic volume changes which are 
very slow during long tests approaching equilib- 
rium may occur very rapidly during fast cooling. 
Volume changes near the cooler surface of a part 
must certainly affect the stress pattern present 
near the warmer center of the same part. The 
so-called LeChatelier-Braun principle suggests 
that, because the transformation of austenite 
involves an increase in volume, tensile stresses 
(or negative pressures) should tend to promote 
the reaction, while compressive stresses (or pres 
sures) should tend to inhibit it. 

Though there are theoretical reasons for 
believing that this will be the tendency, it remains 
to be proven whether this tendency is of sufficient 
magnitude to be of practical importance. This 
paper is an attempt to shed some experimental 


light on this question. 









that stress is the unconsidere,! ctor 


Table I— Chemical Analysis of Steels oa : ate 
To explore this _possibil that 





Mn Si > | ® Ni Cr some factor other than cooling rio anq 
chemical composition may ail the 
hardness and microstructu of 
quenched steel, the hardness of 4 


0.44 | 0.71 0.21 | 0.020 | 0.020 | 0.08 | 0.25 
0.44 | 0.91 0.22 0.026 | 0.020 | 0.09 0.01 
0.43 | 0.96 | 0.25 | 0.020 | 0.016 | 0.57 | 0.54 
D 0.49 0.72 0.30 | 0.034 | 0.019 | 0.52 0.54 | number of quenched rounds was com- 


mn ema pared with end-quench hardensbility 
oron treated. ; 
data of the same steels. Resulis of 


these experiments will now be presented. 











An analysis of the stresses in even a very 
simple part during quenching is impossible at the End-Quench Tests 
present time. One would have to know, first, the 
coeflicient of expansion, modulus of elasticity, and Four openhearth steels, low in alloy yet cove 
stress-strain diagram of austenite and its trans- ing a considerable range of hardenability and ot 
formation products over a wide temperature better than average cleanliness and soundness. 
range; second, stress-relaxation patterns for aus- were selected. All four were aluminum-killed and 
tenite and also its transformation products as a had a MeQuaid-Ehn grain size of 6 to 8. Chemica! 
function of time, again over a wide temperature analyses are given in Table |. Specimens wer 
range; third, the volume changes which occur 
as austenite transforms at various tempera- 
tures; fourth, the heat evolved during 
transformation of austenite at various tem- 
peratures; and fifth, an accurate knowledge 
of the cooling cycle. At the present time, 
only crude approximations of these various 
factors are available — but even if precise 
data could be obtained the mathematical 
treatment for a simple round bar would be 
exceedingly complex. 

For this reason, a direct approach to the 
problem is impossible. However, the cooling 
cycle of a number of positions along the end- 
quenched hardenability bar and the cooling 
cycle of several positions within rounds of 
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different sizes have been accurately deter- lé 16 

-mined by Weinman and Boegehold in an Distance From Quenched End, Sixteenths of an 
as-yet unpublished research for the O.S.R.D. Fig. 1 — End-Quench Tests Machined From Large Rounds 
on the heat treatment of N.E. steels for ord- and Frem Smaller Rounds Forged Therefrom Show 
nance material. With this data it is, there- That Forging Hes a Negligible Effect on Hardenobilit 
fore, possible to compare the relationship — 

between the hardenability bar and round 
specimens on the basis of equal cooling rates, with 
the relationship between the hardenability bar and 1 hr. at 1700° F., and machined to the final sizes, 
round specimens on the basis of either equal hard- selected to be appropriate with the hardenabilily 


forged 4-in. oversize, normalized by holding to! 


ness or of similar microstructure, of each steel. 

If the relationship, on the basis of equal cool- Standard, shouldered, end-quench bars wer 
ing rate, coincides with the relationship on the cut from the largest and also the smallest diam- 
basis of both hardness and microstructure, it must eter stock used in each steel in such a way that 
be concluded that cooling rate and composition are hardness surveys could be made on the end-quench 
the only factors which appreciably affect the trans- bars at locations corresponding to the center and 
formation of austenite. On the other hand, if these surface of the machined rounds. The end-qui neh 
relationships do not coincide, it must be inferred bars were heated for 20 min. total time at 1650" I 
that some factor otner than cooling rate and com- and quenched in the standard manner. In this 
position is capable of affecting the decomposition way an appreciable difference in hardenability 
rate of austenite. If the latter is found experi- was found between the metallurgical center (2\!5 
mentally to be true, it would be logical to believe and the surface of Steels A and C, due undoubt 
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Steel A: 2%-In. Round 
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Steel B: 2%e-in. Round 
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Distance From Quenched tnd, Sixteenths of an Inch 


Fig. 2 and 3 — Variation in Hardenability of Steels 
vending on Position, Ranging From Axis to Surface of Large Round 





edly to the segregation of alloying elements in the* 
riginal ingot.* 

However, comparison of specimens cut from 
the largest and from the smallest diameter stock 
indicated that the forging operation itself had no 
appreciable effect on hardenability. Thus, Fig. 1 
shows the hardenability data obtained at the sur- 
face and center of Steel A. Data for the other 
three steels listed in Table I were similar and have 
not been reproduced. 


*Describing the test pieces in other words, a 
standard end-quench bar was machined from a large 
round in such a way that an element of its cylindrical 


surface (properly referenced) corresponded to the 


axis of the original round, and this referenced element 
was the location of the hardness survey after the test 
bar had been given the standard treatment. A similarly 
referenced element of the cylindrical test bar corre- 
sponded to the surface of the large round, and hard- 
hess was surveyed at this location. 
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Steel C; 4¥a-ln. Round 
















{ and B, De- 





Although the effect of forging on hardenabil- 
ity was considered to be negligible, it was found 
that the radial position within the bar was not 
negligible. Therefore, if various positions below the 
surface of quenched rounds were to be correlated 
with hardenability data, the latter must corre- 
spond to the locations intermediate between the 


surface and center of the original stock. Conse- 
quently, the hardenability bars cut from the larg- 
est round of each ground and 
reference-marked in such a manner that a hard- 
could be at locations 
sponding to the center, 14 radius, ‘2 radius, *4 
radius, and surface of the original stock. 
Results thus obtained for all four steels are 
Smooth curves have been 


steel were 


ness survey made corre- 


. 


shown in Fig. 2 to 5. 
drawn to represent the data; however, deviation 
of individual points from the smoothed curve 
never exceeded one point on the Rockwell C scale. 
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/¥2-In Round, depending upon their diameter; the tota ' 
| s iber 
of minutes in the austenitizing furnace 5 1 

times the diameter of the round in inches 
Following the austenitizing treatment, the 
rounds were quenched by immersing them verti- 

¢ . : 

ae cally in an upward flowing column of water main. 
\ tained between 70 and &0° F. Since the resylts 
\ -/Yo-In Bound were to be compared with cooling data previously 
X al i obtained by Weinman and Boegehold, the quench- 
ant velocity was made to coincide as nearly as 


& 8 


\ /-In. Round 
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8 & § 


possible with the velocity they used, and the water 
flow was adjusted to have an average velocily of 


Rockwell Hardness, C Scale 
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20 Steel A Steel B Fig. 7 (Below) — Hardness Traverses 
0 6 le 80 6 on Quenched Rounds of Steels C and D 
Distance From Surface, Sixteenths of an Inch Distance From Surface, Sixteenths of an Inch (Stee! » 
hig. 6— Hardness Traverses o® X 


Quenched Rounds of Steels A and B 
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Steels B and D exhibited only 
a narrow spread in harden- 
ability, Steels A and C a con- 
siderably larger spread, axis 
to surface. 


A 
& 8 


| | | 
Steel © (Read Down) | 
Rounds of various diam- 0 & 12 /8 
eters, 8 in. long, were Distance From Surface, Sixteenths of an Inch (Steel C) 
machined from each steel. A 
cap made of ;;-in. steel sheet, 
containing a %4-in. layer of asbestos paper, was 200 ft. per sec. in the annular space surrounding 
brazed to both ends of each round to reduce heat the specimens. 
extraction from the ends during quenching. The Rounds were then sectioned with an abrasive 
rounds were heated at 1650° F. for different times, wheel in such a way that ‘%-in. disks wer 


Rockwell Heraness, C Scale 
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Treatment of Rounds 
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Table II — Comparison of Predicted and Actual Hardnesses of Four Steels at Center 
of Quenched Rounds, 4. Radius and % Radius 





: : ; | 
2 IN.* 2% IN. 3 IN.* 


3% IN.* 


| 
| 


a —_ | ; | — 
Steel A: Predicted | 43 5: 26 «34 
} ‘ ‘ € « « 
Actual 3s 3 ‘ 4/24 31 
Discrepancy - 2 -3 - 
Steel B: Predicted | $3 41 54 
Actual $5 2% «51 
Discrepancy 15 -—3 
Predicted 51 56 
Actual 5 35 
Discrepancy 6 
Steel D: Predicted | 56 
Actual | 53 
Discrepancy i—3 


uw 


55 
56 | 

+1 | 

57| 43 54 39 52 56| 36 
56| 38 49 36 45 54| 35 

~gi—g —§ - 3 —7 -—2|-1 
58| 48 52 49 56| 38 
58| 40 49 53/37 44 54| 36 
0|/—8 —3 —2|-5 —5 -2|-2 


> 
— 
= 





awatoan 
~~ =a ~*~) 
St 


7) 
ou 


en *: 
~' 
‘ 


or NM ww Ul 





ao ! 
mao 
Gren 
—_ 


1 

















*Figures in italic type represent dala for center of rounds; ligures in roman type 
represent data for % radius; figures in bold face represent data for %4 radius. 
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Diameter of Round, laches 


i/o 
3% 


4 


End-Quenched Bar Locations Equivalent in 
Hardness to the Hardness at Various Positions in the 
Cross Section of Round Bars of the Respective Steels. 
Figures on the lower curves are distances on end-quench 
bar in \% in., predicted by Weinman and Boegehold’s 
data. based on equal time to cool from 1350 to 900° F. 
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wheel in such a way that %-in. disks were obtained, one 
surface of which was midway along the length of the 
original specimen, and this surface was ground. 

In order to be sure that this cross section had not 
been overheated and tempered during the cutting or 
grinding operation, the disks were etched, first in a 
solution of 5% nitric acid by volume in water at 140° F. 
for 10 sec., and then in a solution of 50% hydrochloric 
acid by volume in water at 140° F. for sufficient time to 
remove the smudge developed in the first solution, 
(This procedure has been found to be an extremely 
sensilive way of revealing heat-affected and tempered 
areas in hardened specimens.) Any of the disks show- 
ing even a slight amount of discoloration (tempering) 
were reground and re-etched until the surface was 
satisfactory in this respect. 

Rockwell determinations were made on these hard- 
ened disks at ,;-in. intervals along two perpendicular 
four surface-to-center 


diameters, and results of these 


surveys were averaged for each round. The averaged 
values have been recorded in Fig. 6 and 7. A smooth 
curve has been drawn to represent the data; however, 
deviation of the smooth curve from any average value 


never exceeded one point on the Rockwell C scale. 





Comparison of Data 


The data of Fig. 2 to 7 have been replotted in Fig 
8 at left in such a way that each point represents the 
location along the appropriate end-quenched bar at 
which the hardness was equal to the hardness obtained 
at a given position within a round specimen of the same 
steel. If the hypothesis is correct that austenite trans- 
formation is solely a function of cooling rate and com- 
position, then the points at the respective locations for 
the four different should fall one on top of 
another. As a matter of fact it is quite obvious that 
the points for the different steels do not coincide. The 
points for Steel B at center of rounds, particularly, 
stand out as differing in this respect, but the agreement 
between points for the other steels can hardly be 


steels 


termed acceptable. 
Weinman and Boegehold’s relationship based on 
cooling data is also represented in broken lines for cen- 
» radius and “4 radius positions, These investi- 
gators used two procedures in plotting their data, one 
based on equal cooling rates at 1300° F., the other 
based on equal time to cool from 13950 to 900° F., and 
found the latter more accurate for predicting hardness 
of small-sized rounds. (Theoretical considerations 
would also suggest the desirability of basing the 
correlation upon time to cool from 1390 to 900° F. 
rather than upon the cooling rate at 1300° F.) 
Although I-in., 142-in., and even 2-in. rounds give 
points based on hardness which agree well with 
locations based on time to cool from 1350 to 900° F., 


ter, ‘2 


the larger-sized rounds did not. 












Figure 8 suggests that if the hardness at some 
locations in a round is predicted from a knowl- 
edge of cooling rate and end-quench hardenability 
data, the prediction may not be accurate, but these 
plots do not indicate how large the errors may be. 
Table II shows the difference between the actual 
and the predicted hardnesses. 

The largest discrepancy occurred in the center 
value of a 2-in. round of Steel B and amounted to 
15 points on the Rockwell C scale. In this particu- 
lar case it would have been predicted from the 
end-quench bar that the microstructure at the cen- 
ter of the 2-in. round would consist of about 90% 
bainite and martensile and 10° pearlite. Actually, 
the microstructure contained about 20% bainite 
and martensite and 80° pearlite. 

Other hardness discrepancies ranged from 9 
points to zero, with quite a number greater than 5 
points. It is perhaps significant that the actual 
hardness was greater than predicted in only three 
instances and then the discrepancy was only +1. 
If allotropic and thermal stresses are the cause of 
these discrepancies, then it must be that tensile 
stresses are likely to be present at the proper time 
to advance the transformation in other words, 


to cause transformation to occur at a hig! 
perature than predicted by the cooling r» 
the other hand, it must also be true th 
pressive stresses are not likely to be pr 
the proper time to impede transformation 


Summary 


It was found that it was not possibk pre- 
dict accurately the hardness of a round from 4 
knowledge of end-quenched hardenability dats 
and cooling rates. The discrepancy between actual 
and predicted hardness tended to increase with 
the diameter of the round. It may be possible | 
make an arbitrary correlation between the end 
quench hardenability and the hardness of a cer- 
tain part based on actual hardness tests, but even 
this correlation would be expected to becom 
unreliable if the steel composition is decidedly 
changed. Stresses caused by allotropic trans- 
formation and thermal gradients during quench- 
ing are regarded as the probable reason for the 
failure to obtain a good correlation between pre- 
dicted hardness based on equal cooling rates and 
actual hardness. 8 


Two Small Furnaces With End-Quench Fixture Between. in Laboratory of Joseph T. Ryerson & Son 
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Bend Tests 
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Tae ARTICLE “Raised Yield Strength in Bend 
Tests” by Given Brewer which appeared in the 
December 1945 issue of Metal Progress argued that 
greater stresses can be developed in a steel beam 
before the metal reaches its proportional limit or 
its yield strength than the proportional limit or 
vield strength obtained from a tensile test of the 
same material. In the May issue of Metal Progress, 
page 975, Mr. Brewer admits that his testing equip- 
ment is not accurate enough to prove unequiv- 
ocally that the tangent yield is raised in the bend 
test, but has reasserted his conclusion that a 
greater yield strength can be safely used in design 
formulas for flexural members than the yield 
strength in tension. 

Test results of several other investigators have 
been reported as showing that when the stress is 
nonuniformly distributed on a cross section of a 
member an “elastic” stress can be built up in the 
most stressed fiber which is greater than the stress 
at which yielding starts in a member made of the 
same material subjected to a uniformly distributed 
stress. (See for instance F. G. E. Peterson’s paper 
entitled “Effect of Stress Distribution on Yield 
Points” in the Proceedings of the A.S.C.E., April 
1946, page 445, and J. L. M. Morrison's “The Yield 
Point of Mild Steel With Particular Reference to 
Size of Specimen” in the Journal and Proceedings 
of the Institute of Mechanical Engineers, 1943, 
page 192.) The present writers feel that such 
conclusions may create false impressions if not 



























Raised (?) Yield 
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By T. J. Dolan* 
and QO. Sidebottom* 
Urbana, Til. 


reinterpreted, and may lead to 
unsafe design practices if used 
The importance of cor- 


blindly. 
rect conclusions is further 
emphasized by the fact that sev- 
eral investigators have accepted 
the statement that the “yield 
stress is higher when a stress 
have 


gradient exists’, and 
attempted to use it as an axiom 
in explaining the behavior of 
materials subjected to repeated 
loading or to other basically dif- 
ferent service conditions. The 
excellent test data presented by 
Mr. Brewer are not disputed, 
but a review of the significance 
of the experimental curves and a 
comparison with the behavior 
that may be predicted theo- 
retically for a beam whose fibers exhibit the same 
strength properties as those of tension specimens 
indicates that the vield strength (however meas- 
ured) of the metal in a beam is nol greater than 
in a simple tension member of the same metal, 

The changes in yield point that have been 
reported for a given metal under different test 
conditions involving uni-axial stress may be 
attributed to the following factors: (a) Difficulties 
of detecting the load at which yielding started in 
the most stressed fiber; (6) erroneous interpreta- 
tion of the test data; (c) the varying stress levels 
at which the upper yield point phenomenon may 
be exhibited by certain mild steels under different 
test conditions. The following discussion will deal 
mainly with a study of items (a) and (b) as 
related to Mr. Brewer's test data; item (c) will 
not be discussed since the metals studied in his 
paper did not exhibit an upper yield point. 

The most direct method of showing that the 
stress necessary to develop yielding in a beam is 
the same as the yield point in tension is to com- 
pare the experimental test data with the resisting 
moments that would be developed if each fiber of 
the beam were assumed to exhibit the same stress- 
strain relationship as that determined for a ten- 
For example, if one uses an 


sion specimen. 
stress-strain diagram in 


approximately correct 





*Respectively, research professor of theoretical 
and applied mechanics and special research associate 
in engineering materials at the University of Illinois. 
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big. la 
Compressive) Stress-Strain Diagram Representing 
Conditions up to and Slightly Beyond the Yield Stress 


Hypothetical and Simplified Tensile (or 


tension or compression of the type shown in Fig. 
la and assumes that in a beam plane sections 
remain plane, it is possible to develop mathe- 
matical equations for various cross-sectional 
shapes based on equilibrium conditions relating 
the bending moment in the beam to the strains ¢ 
developed in the extreme fibers. If the assumed 
diagram (Pig. 1b) closely approximates the 
stress-strain relation in the beam, these equations 
would then apply for conditions of strain beyond 
the yield point where the ordinary flexure formula 
is not applicable. 

The curves shown in Fig. 2 have been so 
derived using n=0 (material with a definite yield 
point S, and a horizontal tangent to the stress- 
strain curve beyond the yield point) and have been 
plotted in terms of the di- 
mensionless ratios M/M, 


t. Bottom denced also by distortion of 
the member as a whole) jx 
a function of the shape of the beam. For values 
of n (in Fig. 1) greater than zero, the initial devi. 
tions from the straight line relationship becom: 
even less pronounced and it is exceedingly difficult 
to determine experimentally the bending moment 
at which yielding began. 
For actual metals there is often a slight 
rounding of the tensile stress-strain diagram as 
shown by the dotted line at C, Fig. 1. When using 
the theoretical equations this effect has been dis- 
regarded and the values of S, and ¢, were obtained 
from experimental test data by extrapolating back 
from the portion B of uniform slope to obtain th 
intersection with the initial modulus line A in Fig 
1. By applying this concept to the tests reported 
by Mr. Brewer on a 2.502-in. diameter bar of S.A.E 
4140 (shown in his Fig. 1 and 3) the values ol 
y= 115,000 psi., ¢,=0.00375, and n=0.080 wer 
obtained. Using these values in the theoretical 
equation shown in our Fig. 2 for a circular bar 
in bending, the moment-strain relation was com- 
puted and is plotted as the dotted Curve 3 in Fig 
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sections illustrated. As 
the relative volume of 
material in the extreme 
fibers is decreased by 
modifying the shape of 
the beam, there is a tend- 
ency for the curve to 
depart from the initial 
straight line less abruptly, 
leading to an illusion that 
the proportional limit has 
been raised. Actually, 
however, all curves begin 
to depart from the 
straight line when the 
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moment M/M,=1 is 
exceeded; the curves may 
all be representative of 
identical material, Fig. 2 
though the bending 
moment at which the 


2 3 
Strain on Extreme fiber ” 





Strain on Extreme Fiber at Yield Point é; 


Theoretical Moment-Strain Diagrams for Bend Tests on 
Bars of Four Cross-Sectional Shapes Made of a Given Metal With 
a Definite Yield Point S,. 


(It is assumed that n of Fig. I is zero) 
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, Mr. Brewer’s tensile test data are shown as 
curve 1, and the experimentally determined strains 
the extreme fiber of the beam with the cor- 
responding bending moments M (divided by the 
tion modulus) are plotted as Curve 2. 

It should be re-emphasized that above the 
vqlue of stress S,, the ordinates to Curves 2 and 3 
a Fig. 3, though measured in psi., do not repre- 
ent actual outside fiber stresses above the point 
f tangency, but show only relative values of total 
load M on the beam. The theoretical Curve 3 fol- 
lows the general trend of the experimental Curve 
» but falls slightly below it, indicating that a 
slightly weaker material was assumed in the 
theoretical curve. This is explainable by reference 
io Mr. Brewer’s Fig. 1 showing that the tensile test 
upons were cut from an interior portion of the 
bar and had a slightly lower hardness (strength) 
than the extreme fibers of the beam. The derived 
Curve 3 based on the tensile test data would, there- 
fore, be expected to show slightly lower strength 
properties than a test of the actual beam. The 
ssential feature to be observed, however, is that 
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Fig. 4 — Comparison of Theoretical and Ex- 
perimental Load-Strain Diagrams for Ten- 
sion and Bending Tests for a Hollow Tube 


circles computed from the tensile stress-strain 
curve. Thus the theory which assumes that yield- 
ing in a beam begins at the same stress in the 
material as the yield point determined from a 

tension test is sufficient to check 


with a fair degree. of accuracy the 
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O 0002 0004 0006 0008 identical, the ordinates to Curve 
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Fig. 3 — Comparison of Theoretical and Experimental Load-Strain 
Diagrams for Tension and Bending Tests for a Solid Cylindrical Beam 


Curve 3 might appear under casual observation to 
exhibit a higher proportional limit and yield point 
than the corresponding values obtained from the 
lensile test, whereas the theoretical Curve 3 was 
iclually computed for metal of practically identi- 
cal strength properties to those of the tension 
specimen, 

The present writers have made a 
comparison (Fig. 4) of the data on a round tube 
in bending originally presented in Mr. Brewer's 
Fig, 4. A close agreement exists between the 
“\perimentally determined strains in bending 
Shown by open circles) and those shown by solid 


similar 
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3 are not equal to the stress in the 


fiber for values greater 


Therefore, the ordinates 


extreme 
than S,, 
in the two diagrams correspond- 
ing to the same offset (for exam- 
ple, the line AC) have very different meaning with 
respect to stress, and hence the two curves cannot 
be analyzed in the same manner. The truth is 
that the stress and strain for the extreme fiber of 
the beam, represented by Point C in Fig. 3, cor- 
respond with the Point D on the tensile stress- 
strain curve; hence at Point C (or D) the total 
strain is more than twice that required to cause 
yielding at the stress S,, and is accompanied by a 
large plastic set shown approximately by the 
abscissa OF. Thus the offset method of determin- 
ing the yield strength in a tension test cannot be 
applied directly to determine vield strength of the 









material from theoretical moment-strain curves. 

Fundamentally, the resisting moment devel- 
oped by a beam and plotted in a moment-strain 
curve represents an integrated sum of the resisting 
moments developed by all fibers of the member. 
After a minute plastic deformation has taken 
place on the extreme fibers, the resisting moment 
in an experimental test can be further increased, 
not because the elastic stress in the outer fibers is 
increased above the yield point, but primarily 
because of the yielding and redistribution of stress 
which occurs, whereupon 
a large volume of inner 
understressed fibers 
resist a greater propor- 
tion of the bending 
moment. Because of this 
potential load-carrying 
capacity of the fibers 
beneath the surface, the 
proportional limit (and 
yield strength) of the 
material in the surface of 
a beam is therefore more 
difficult to measure 
experimentally than in a 
simple tension member. 

For many applica- 
tions of beams made of 
ductile steel, considerable 
yielding of the outer 
fibers can occur without 
causing excessive curva- 
ture or deflection of the 
member, and hence for 
some uses we may infer 
that the beam is not 
structurally damaged as a whole. Thus, certain 
beams may resist satisfactorily loads greater than 
those required to start yielding in the extreme 
fibers, but it should be recognized that the 
increased useful strength of such a member is not 
due to “higher elastic stresses” of the metal by 
virtue of its shape, but is rather due to redistribu- 
tion of stress whereby the understressed portion 
is permitted to offer greater resistance to the load 
without permitting sufficient plastic distortion to 
the member as a whole to constitute appreciable 
structural damage. 

The curves reproduced in Fig. 2 indicate 
the relative extent to which beams of various 
shapes may be overloaded (stressed beyond the 
yield point) before appreciable damage is apparent 
by their relative deviations from a linear load- 
strain relationship. The plastic deformations of 


the metal in the extreme fibers corresponding to 
these small deviations from linearity are, however, 
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rather large —as indicated roughly by 


; : ; per- 
centage by which the ratio ¢/e, exceeds uni, This 


fact might require serious consideration j; 


certain 


applications where danger of instability due t 
localized buckling may be aggravated by the 


plastic deformation of the most stressed filers. 
The writers differ with Mr. Brewer in the 
viewpoint that “a refined design is now based op 
the proportional limit of the material used”, R. 
L. Templin has indicated many of the difliculties 
inherent in reproducing in successive tests a defi- 
nite proportional limit. 
even in the tension test. 
in a paper in the 1929 
Proceedings of the Amer- 
ican Society for Testing 
Materials entitled “The 
Determination and Sig. 
nificance of the Propor- 
tional Limit in the 
Testing of Metals”. It is 
an elusive’ property 
whose value is greatl, 
influenced by all of the 
following factors: Speed 
of straining, type of test- 
ing machine, sensitivily 
of extensometer, scale to 
which results are plotted, 
the personal element in 
choosing the point ol 
departure from a straight 
line, and the presence of 
small amounts of resid- 
ual stress, cold work o1 
eccentricity of loading. 
Furthermore, there is no 
fundamental relation between “elastic strength” 
and proportional limit; some elastic nonmetallic 
materials have a proportional limit at zero stress; 
conversely, even metals undergo small amounts ol 
tocalized plastic deformation at stresses appre- 
ciably below their proportional limits as ordinarily 
determined with sensitive extensometers. Due to 
these inherent difficulties of reproducing a definite 
value, and since the most accurate value obtained 
is not necessarily indicative of the limit to avoid 
structural damage, it would appear inadvisable to 
revert to the use of the proportional limit as 4 
limiting stress on which to base working stresses 
for structural design. The A.S.T.M. Standard E6 
referred to by Mr. Brewer states: “It is usually 
impractical and probably impossible to determine 
the stress at which inelastic action in a membel 
begins.” On this basis the proportional limit has 
generally been discarded and the yield strength 1 
tension adopted as a practical method of deter 








whit 


resis 














jning « measurable value of stress above which 
the amount of plastic yielding of the material is 
nsidered to be damaging and below which the 
imaging effects are considered to be negligible. 

In conclusion, the basic behavior of flexural 
members as visualized by the writers may be 







ammarized as follows: 

1. The stress necessary to cause initial yield- 
ng of the most stressed fibers of a member sub- 
ected to a nonuniform stress distribution, such as 








ecurs in a beam, is the same as that required to 
quse Yielding under a uniform stress. 

9 The nonuniform distribution of stress 
which occurs in a beam enables the member to 
resist static loads considerably greater than that 
required to start yielding of the extreme fibers. 
\s indicated in Fig. 2, the shape of cross section 
f the beam will determine the extent to which 
plastic deformation of the extreme fibers may 
occur before structural damage is made evident 
by appreciable distortion of the whole member. 

3. The proportional limit of a material is not 

















EAT TREATERS have found that very thin 
sections, such as shim stock, will carburize 
‘0 much higher carbon concentrations than even 
the richest surface layers of ordinary carburized 
parts. Mr. Harris has reported in Metal Progress 
that the first 0.005-in. cut from the surface of 
carburized pieces contains the same amount of 
carbon as called for by the A,,, line of the iron- 
carbon equilibrium diagram. However, the much 
higher concentrations of carbon obtained on shim 
stock indicate that the carbon contents obtained 
along the surface of pieces of commercial thick- 
hess are perhaps the result of dynamic action 
Short of equilibrium — that is, a balance, which 
may be constantly shifting, between the rate of 
‘atbon absorption at the surface and the speed of 
‘arbon diffusion to the interior. 

Considered from this viewpoint, the interior 

















Maximum Carbon in Gas Carburizing 


By Gerard H. Boss 


Naval Air Experimental Station, Philadelphia Naval Base 
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a good criterion of the beginning of structural 
damage and, due to experimental difficulties of 
reproducing a definite value, it does not appear to 
be a suitable property on which to base design 
stresses. 

Editor’s Closure: In fairness to Mr. Brewer it 
should be said that his brief note in the correspond- 
ence pages of the May 1946 issue was cut down from a 
rather extensive letter containing data and curves 
quite similar to those in Fig. 3. His attitude was 
then, and still is, that he was in error in holding that 
experimental data secured by him and others consti- 
tute proofs that the proportional limit of the metal 
in the extreme fiber of a beam is higher than it is in a 
simple tension member. However, he wishes to 
re-emphasize a point — evidently not contested by his 
critics that such data give a logical support to the 
practice of using a raised “modulus of rupture” for 
designing tubular beams in aircraft landing gear and 
guided missel spars which should operate at high 
stresses without suffering measurable permanent set. 
Savings in such items, where there is no probability 
of fatigue failure because of few repetitions of limit 
load, can amount to several hundred pounds of weight 
in a large airplane. ) 






metal of a large carburized part becomes a carbon 
sink of almost infinile capacity. It follows, then, 
that determination of the maximum carbon con- 
tent attainable in carburizing can only be done 
when the mass of the metal is negligible in rela- 
tion to the surface area exposed to the carburizing 
medium. 
dition is ideally met. 

During the spring of 1940, while attending the 
graduate school of the University of Michigan and 
working under Dr. Schneidewind’s direction, the 
preliminary way, the 


In compacted powdered iron this con- 


writer investigated, in a 
sintering of powdered iron compacts in a carbu- 
rizing, medium. Most of his results were qualita- 
tive; however, some of them may throw a little 
light on the problem of the absorption of carbon 
during carburizing. 

For a sintering atmosphere, city gas (which 













in Ann Arbor is piped natural gas) was used. 
Natural gas, being mostly methane, is an excellent 
carburizing medium. The sintering temperatures 
used were 2050° F., just below the melting tem- 
perature of the iron, iron carbide eutectic (ledebu- 
rile), and 2200° F. While no chemical analyses of 
the heat treated compacts were made, the carbon 
content can be estimated from the microstructure. 

The left-hand photomicrograph below shows a 
compact which was sintered at 2000° F. for an 
hour, then air cooled. The structure consists of 
pearlite grains with massive cementite boundaries. 
The other view shows a piece which was sintered 
one hour at 2050° F., air cooled, and then reheated 
to 2050° F. for 20 min. and quenched in brine. 
This structure, which consists of martensite and 
massive carbide, had a hardness of Rockwell C-61 
to 63 as compared to C-24 for the first specimen. 
It has a close resemblance to white cast iron, 

In both these specimens the carbon content 
is well beyond the maximum solubility of carbon 
in austenite as indicated by the A,,, line at this 
lemperature. In fact, the carbon is probably 
around 3.3%.* 


Bits & Pieces 


Mounting Fine Wire for Cross. 
Sectional Examination 


T° INSURE a properly aligned specimen of fine 

wire for cross-sectional examination, a simple 
but effective method for mounting is required for 
a Buehler, Fischer or similar type of specimen 
mounting press. 





In consideration of this, it seems as though Place a half-inch length of wire on the base spe 
carbon absorption is dependent on some sort of plug of the mold as a direction guide. Add a wil 
chemical affinity rather than upon a simple physi- small amount of molding powder and place, par- pul 
cal force urging towards solution. If this is true, allel to the guide wire, one or more of the speci- sin 
the limiting line of solution (that is, the A,,, line) mens to be examined. Add necessary molding cle 
can be of no significance in delermining the mai- powder and mold specimen mount in the usual cle 
mum percentage of carbon attainable. Rather, it manner. pla 
is a function of the activily constants of the Cut the mount through its longitudinal cen- is 
reactants. This may be an unorthodox conception ter al right angles to the guide wire (which will be el 
but it seems to be capable of explaining the exposed) wilh a hack saw or band saw. Either of 
observed phenomena. the two halves of the original mount may then be sid 

The pieces sintered at 2200° F. had a much prepared for metallographic examination of the 
lower carbon content, sel 
being of hypo-eutectoid ne | _ elu 
composition. The writer 5.5 | . e: +4 vy > pls 
believes that this was PS "OB Sag clu 
due to the closing ‘ “EGS a3] 
together of the particles Morse ot Y 
of the compacts, which . "ORR ee pa 


occurred at this higher 
temperature, thus rap- 


idly closing ingress of te 4 - 

the carbonaceous gas. It we os y Pa 

is a fact that the voids 8 » * 
s 


usually found in sintered 
compacts were absent in 


all the specimens sin- 
‘ . . ol 
tered at 2200° F. eo a 
“a * 
*Planimeter  measure- ae. he . 


ment of a random. strip 
across an enlarged copy of 
the micro of the annealed 
structure shows about 43% 





Iron Powder Compact Heated I Hr. in Natural Gas at 2050° F. 
Slowly cooled microstructure at left shows about 57% by area of pearl- 
ite grains and 43% by area of massive carbide envelopes —carbon 





eo ” 2 ie fu sarlhi > « ¢ . LJ 4 
Fe,C and 57% pearlite. about 3.3%. Sample reheated and quenched resembles white cast iron 
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aposed cross-sections. (R. L. DuFFNER, metal- the cast iron grit to touch the specimen, else 














yrgist, General Cable Corp.) undesirable etching effects may result. 

E. S. Norris, metallurgist for Sylvania Elec- 3. The metallic specimen should be smooth 
ric Products, suggests a variant on the above, and flat before mounting. If an excessive amount 
vherein the guide wire is mounted at the bottom of metal and resin is polished away the cast iron 
fq half-thickness slug, molding with the usual grit may fall out. 
pressure but no heat for 30 sec., then arranging 4. If rough polishing must be resorted to 
vires on top this slug, covering them with 100- after mounting, cool the specimen often because 
nesh bakelite powder, then filling mold full height the small particles of cast iron grit heat up rap- 
and finishing the mount with the conventional idly. Overheating will manifest itself by discol- 
procedure. The portions molded separately will oring the enveloping resin. (ANTON L, SCHAEFFLER, 
not break apart when the mount is sawed in two. metallurgist, Arcos Corp.) 








Edge Rounding Avoided With Distinguishing the Common 
Cast Iron Grit Aluminum Alloys 











URING the polishing of mounted specimens, TO SUPPLEMENT the identification procedures 






















ine 

ple metallographers have used various methods for common aluminum alloys as presented by 

for to prevent the plastic resin from wearing away Vernon H. Pallerson in Bils and Pieces in the 

en faster than the imbedded alloy. Some laboratories February issue of Metal Progress, the following 
mount scrap pieces of the same alloy around the chemical tests may be employed without recourse 

se specimen and others may surround the specimen to anodizing: 

9 with a ring of wire. These methods serve the Copper is easily distinguishable in 11S, 175, 
ir- purpose but are more time consuming than the and 24S alloys as slated by him. If the excess 
ci- simple technique we are using. We sprinkle parti- sodium hydroxide is removed by gentle washing, 
ng cles of cast iron grit, such as is used in a grit blast and a drop of concentrated nitric acid added to 
al ceaner, around the specimen after it has been the spot followed by a few milligrams of sodium 

placed in the mold. The bakelite or desired resin bismuthate, the characteristic purple of permanga- 

n- is then poured in and the regular mounting pro- nate is easily seen in 17S and 24S alloys. 11S 
be edure is followed. aluminum alloy, which contains no manganese, 
of The following suggestions, derived from con- gives no reaclion. The same procedure will iden- 
be siderable experience, are offered: tify 3S aluminum; no blackening will occur due 
ne 1. A light sprinkling of cast iron grit usually to the absence of copper, but nitric acid and 

erves to separate the particles. If they gather in sodium bismuthate will give a strong purple color 
clusters it is wise to separate them, because the if manganese is present. 
plastic may not work through the pile and a For the identification of chromium, an adapta- 
cluster may fall out during polishing. tion of the method used for steel as printed previ- 
2. If electrolytic etching is used, do not allow ously in Bits and Pieces is applicable: 
. The following solutions are required: 







1. Sodium hydroxide 20 grams 
4 Bromine 2.5 ml. 
Water 400 ml. 





(Solution No. 1 decomposes and should be 
replaced every two weeks.) 






2. Conc. sulphuric acid 50 mi. 
Water 250 ml. 



















Phenol 5 grams 
Glacial acetic acid 15 mil. 

1 4. s-diphenyl carbazicde 0.10 gram 
Glacial acetic acid 5 ml. 
Ethyl alcohol 50 ml. 





(Store solution No. 4 in a brown bottle, 
and replace when darkly colored.) 






One drop of concentrated hydro- 





= chloriec acid is allowed to react to 
completion on the unknown alloy. 
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Technical Aspects of Atomic Control 


AST December the ministers of foreign affairs 

of England, Russia and America agreed to ask 
the General Assembly of the United Nations to 
establish a commission to formulate a report on 
the control of atomie energy and its application 
for peacetime purposes and scientifie research.? 
Such a commission was established on January 
24, and its first meeting was held on June 15, when 
BERNARD Barucit, American member, presented 
the outlines of a plan which followed fairly closely 
the so-called ACHESON-LILIENTHAL report pub- 
lished by our State Department on March 16.2 In 
his presentation he emphasized that the various 
provisions were not to be subject to veto by indi- 
vidual nations. 

At the second meeting of this commission 
(June 19), ANpbreEI GromMyKO, Russian member, 
proposed an alternative plan ealling for the 
appointment of a committee for the interchange of 
scientific information, and another to draft agree- 
ments to outlaw atomic weapons.* His remarks 
indicated that Russia intended to insist on its veto 
powers, and on July 25 he said, ‘‘The United 
States’ proposals in their present form cannot be 
accepted in any way by the Soviet Union either as 
a whole or in separate parts.’’ 

Meanwhile a committee of 12 physicists, one 
from each of the countries represented on the com- 
mission, had been appointed to study the scientific 
and technical aspects of the problem of control, 
and agreed upon a report, but it was not submitted 
until the Soviet representative could get his gov- 
ernment’s views. Approval was eventually given 
by S. P. ALEXANDRov, Soviet delegate, on Septem- 
ber 26, in the following terms: ‘‘The committee 
had at its disposal, as is recognized in the report, 
limited and incomplete information. The majority 
of the conclusions in the committee’s report are, 
therefore, hypothetical and conditional. With this 
reservation, | vote for adoption of the report.’’ 

One can only guess whether this implies a 
change in the Russian attitude expressed earlier 
by Mr. GromyKko. The text of this report quotes 
frequently from the so-called Smyrue report* in 
its references to the production and utilization of 
nuclear ‘‘fuels’’, and parallels the ACHESON- 
LILMIENTHAL report when commenting on peaceful 
uses or dangerous and clandestine activities. The 
committee ‘‘limited ourselves strictly to the scien- 
tifie and technical aspects of the question’’ even 
while recognizing that ‘‘problems of a non- 
technical or political nature would have to be taken 
into account in a system of control.’’ 

Two flow charts are included in the report 
showing the principal steps between the mining of 
uranium and thorium ores and the production of 
the three *‘concentrated nuclear fuels’’, U2%*, U255 
and Pu*"*, and it is emphasized that accurate 
accounting for normal chemical and metallurgical 
losses is so difficult that clandestine diversion will 
be difficult to detect, the more so as the fuels reach 
the final stages of processing. 


“ IIE mining operations take place alone coy 

ventional lines and involve the handling of 
large quantities of ore, concentrates and tailings 
It would hence appear feasible to keep track of the 
distribution of any significant quantities of mate. 
rial from the mines. A special significance myst 
be attached to the devising of adequate safecuards 
against the diversion of raw materials, since none 
of the subsequent operations can proceed without 
uranium, or uranium and thorium. 

‘*Extraction and production processes nor. 
mally involve losses comparable with those in other 
industrial chemical activities. These provide an 
opportunity to conceal diversion by making jt 
appear that only process losses have occurred. 

‘*Preparation of the metal from the uranium 
or thorium compounds also involves process losses 
which may be used to conceal diversion. 

‘*Clandestine manufacture of atomic weapons 
from nuclear fuels diverted from stocks or from 
the plants producing such fuels would be extremely 
difficult to discover because the operations involved 
ean be carried out in comparatively small installa 
tions which could easily be concealed... . 

‘“*We must not overlook that with certain 
systems of control one would have to consider 
the possibility that plants or materials might be 
seized. . a danger the greatest in the case of 
seizure of stocks of concentrated nuclear fuel, 
because from that stage weapons would be pro 
duced most quickly and in relatively small plants 
A wide geographical dispersal of stocks and plants 
and the restriction of stocks to minimum operating 
levels would reduce the risk.’’ 

Finally the committee notes that: 

‘The maintenance and strengthening of the 
international community of scientists, the free 
exchange of scientific information and an increas- 
ing awareness among all scientists of one another’s 
research activities would assist in making less 
likely the application of research talent to clandes 
tine activities. . 

‘‘With regard to the question posed ‘whether 
effective control of atomic energy is possible,’ we 
do not find any basis in the available scientifie facts 
for supposing that effective control is not techno- 
logically feasible. Whether or not it is politically 
feasible is not discussed or implied in this report, 
nor is there any recommendation of tne particular 
system or systems by which effective control can be 
achieved.”’ 


Fes the only new information contained in 
this report is a sketchy account of how 
thorium metal enters the picture. Appendix II is 
a flow sheet showing the concentration and refining 
of thorium from ore deposits or by-products, with 

‘See Metal Progress, January 1946, page 127. *Sum- 
marized in Metal Progress, May 1946, page 992-3. ‘See 
Metal Progress, July 1946, page 83. ‘Full abstract in 4 et- 
al Progress, December 1945, pages 1313-44. *Presumaiy 
U™ or Pu™; conceivably some other radioactive metals 
or isotepes. 
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eventual production of purified metal. In a 
table reaction this metal plus ‘‘nuclear fuel’’ 
duces U*8, which can be separated from its 
soiates into a ‘‘eonecentrated nuclear fuel’’, 
Available information indicates that the utiliza- 
» of thorium is less thoroughly explored than 
it of uranium, but is theoretically possible.’ 








This is transferred by a glass rod to the depres- 
sion of a spot plate which contains two drops of 
slution No. 1. The mixture is stirred for 10 to 
20 sec. and then one drop of solution No. 2 added, 
stirred, and followed by one drop each in order 
f solutions No. 3 and 4. 

The characteristic rose color of the diphenyl 
earbazide-chromium complex, although faint, is 
easily discernible in 52S, 53S, and 61S alloys. 
Frank C. BENNETT, Jr., Camera Works, Eastman 
kodak Co.) 


Skulls Prevented by Boron Nitride 


"ERY OFTEN in foundry work some difficulty 

is had with molten metal sticking to furnace 
mouths and forming skulls in small ladles. This 
trouble may be eliminated by painting a mixture 
of boron nitride and water on the warmed sur- 











face. The water quickly evaporates and leaves a 
film of boron nitride which effectually prevents 
metal from freezing to the surface. 

We have found this technique to be particu- 
larly useful with precision casting furnaces where 
freezing of very hot metal onto the somewhat 
cooler furnace mouth was quite common and 
annoying. Boron nitride is a very stable com- 
pound and never dissolves in the melts. 

The accompanying photograph shows a small 
precision casting furnace. The operator's hand 
is clamping a long mold over an opening in the 
furnace cover. The entire unit will then be tilted, 
transferring metal from crucible to mold. The 
furnace opening over which the mold is placed, 
has previously been covered with boron nitride. 
(E. Epremtian, research laboratory, G. E. Co.) 


An Improvised Hardness Test 
I 


W HEN the services of a Rockwell or Brinell tester 

are not available, close determinations of the 
hardness of steel parts can be made by means of 
a vise, a steel ball from a ball bearing (approxi- 
mately ‘2 in. in diameter), blocks of steel with 
known hardness values, and a Brinell microscope 
or other means of measuring ball impressions. 

The ball is placed between smoothed surfaces 
of the steel with the known hardness value and 
that of which the hardness is to be determined, 
the loose assembly then being clamped between 
the jaws of the vise. Applying by hand as much 
pressure as possible in drawing the jaws of the 
vise together, the hard ball is pressed into both 
pieces of steel. The diameters of both impressions 
made are then measured, as with a Brinell micro- 
scope. If both impressions measure the same, the 
hardness readings will be approximately the same; 
obviously, if one impression is larger it is in the 
softer of the two. 

By having small rectangular blocks of steel 
with predetermined hardnesses on hand rang- 
ing from C-30 to C-5995, a wide span of hardness 
determinations can be made in this manner with 
fairly accurate results. 

The surface hardness of parts so massive thal 
they cannot be brought to the Rockwell or Brinell 
machines can also be determined, approximately, 
and in a similar way by placing a hard ball 
between the smoothed surfaces of a pretested 
block and the piece to be tested. Then by striking 
the smaller piece a sharp blow with a sledge or 
falling tup, the indentation by the bearing is made 
into both pieces and a comparative measurement 
can then be made. ( THropore F. Burcu, Kentucky 
Steel Treating Co.) 
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By E. C. Wrigh 
Asst. to President, National | he ¢, 
Pittsburgh, Pa. 


they had erratic forging pri perties 
A survey of the physico-chem. 
ical conditions surrounding  stee!| 


Killed Bessemer manufacture and deoxidat; ena- 


Steel for 


Seamless Tubes 


Waen National Tube Co. abandoned the manu- 
facture of lapweld pipe in 1938, the bessemer 
capacity used for making the skelp had little out- 
let. The question immediately arose as to whether 
it would be necessary to demolish these bessemer 
steel installations and replace them with open- 
hearths, and it was decided first to find out 
whether seamless tubes could be made satisfacto- 
rily from bessemer steel. If so, the existing capac- 
ity could be retained and utilized with advantage. 

Developments in the manufacture of open- 
hearth and electric furnace steel for production of 
seamless tubes through the preceding years had 
clearly demonstrated that thoroughly killed or 
fully deoxidized steels gave much more uniform 
results and seamless tubes of better quality. On 
the other hand, previous attempts, extending over 
a period of 25 years, to make seamless tubes out 
of bessemer steel which had not been killed had 
almost always resulted in failure. It was therefore 
decided that we should attempt to produce a fully 
killed bessemer steel of good forging quality 
before making further attempts at rolling it into 
seamless tubes. 

Preliminary work on deoxidizing bessemer 
steel in the ladle, using additions similar to those 
employed in deoxidizing low carbon openhearth 
heats, gave very inconsistent results. Although 
large amounts of silicon and aluminum were 
added to the ladle prior to the manganese addition, 
many of the heats were not thoroughly killed and 
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bled us to measure the deoxidizing 
power and efficiency of various 
agents, and also emphasized the 
important effect of temperature 
upon this chemical reaction. 4 
thorough study of the literature on 
the physical chemistry of | steel- 
making permitted us to calculate 
with considerable accuracy the 
effectiveness of the available deoxi- 
dizers. Equilibria between oxygen 
and other elements in liquid steel 
at 1600 and at 1700° C. (the results 
of our calculations) are shown in 
Fig. 1 and 2. The significant con- 
clusion of this work was that car- 
bon is a very satisfactory deoxidizet 
and that its efficiency is retained as the tempera- 
ture of the steel is raised. Since bessemer steels at 
the finish of the blow are usually hotter than open- 
hearth steels at the refining stage, the use of car- 
bon as a partial deoxidizer appeared to be even 
more valuable. 

The most effective means of adding carbon to 
a steel bath is in the form of molten pig iron. 
However, in order to obtain the benefit of the car- 
bon deoxidation it is necessary to add the carbon 
to the blown bessemer metal before the addition ol 
the standard deoxidizing agents such as manga- 
nese, silicon, and aluminum. Although numerous 
attempts had been made to blow the vessel in such 
a way that it could be turned down at some 
desired carbon content and thus retain the neces- 
sary carbon, control of this operation appeared to 
be impossible; it therefore became necessary to 
blow the vessel until the drop of the carbon flame. 
(The use of spectroscopes and other instruments 
to stop the blow at the correct point to control the 
carbon content was always unreliable.) As 4 
result, the blown metal at the time the converter 
is turned down contains approximately 0.04% 
carbon, with practically no manganese or silicon 
remaining. The oxygen content of the blown 
metal is quite high at this stage. 

Assuming a converter metal of the compost 
tion just given, the problem becomes one of adding 
the required amount of carbon, without chilling 
the metal, to get the carbon deoxidation reaction. 
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approximately 0.15%, and 
then pour this charge into 
the steel ladle with the stand- 
ard additions of ferromanga- 
nese, ferrosilicon, and 
aluminum, normally 
employed for thoroughly 
deoxidizing any heat of steel 
of this carbon content. In 
order that this practice may 
be clear to the reader, Table 
I shows the additions and 


| efficiencies of the materials 
added to a 50-ton killed bes- 


_ semer steel heat. Although 
Liquio Steet Ar I600° C. this table represents only a 
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| Pen Cent Or Exersent tn Meves. and it is now possible for 
- Sees é ‘ahaa : our operators to produce 
' Fig. 1 — Equilibrium in Liquid Steel at 1600° C. (2910° F.) killed hessemer heats with 


| accurate carbon ranges any- 


ind also enough excess to leave sufficient carbon where between 0.10 and 0.50% carbon. 

in the steel for the desired analysis. To try this As soon as the carbon deoxidation reaction 
idea, various amounts of molten pig iron sufficient had been carefully standardized it was found that 
to give 0.20% carbon or less were added to blown the heats so processed were very thoroughly deoxi- 
converter metal, and it was soon found that dized and could be poured into hot top ingot molds 
approximately 0.05°¢ carbon was consumed in and rolled into very satisfactory seamless tubes. 
deoxidizing the FeO in the bath. It is necessary Etch tests on bars and tubes show a dense, fine- 
to add this molten pig iron in the converter vessel, grained forging structure, and the yields in seam- 
ind this represents one of the difficulties of the less tubes approach very closely to the yields 
process, since small amounts of molten pig iron obtained on openhearth and electric furnace steel. 


varying from 400 to 2000 Ib., 
depending on the size of the 
converters and the final car- 
bon content of the steel, 
must be accurately measured 
and added in order to control 
the carbon reaction. Bes- 
‘emer operators objected 
strenuously to such _ prac- 
tices, especially in one of the 
plants where the converters 
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were only of 13-ton capacity. O0!F — A ee 8. 
lt took several months to on [> 
demonstrate to them the : <9, 





usefulness of the molten pig 
iron addition. 

In making a low carbon 
killed bessemer heat, the 
procedure is therefore to 
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blow the charge down to the | 
carbon flame drop, add suffi- 0000! rare weer eres were veer ‘ 
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cient molten pig iron to the 
converter to produce a car- 
bon content after mixing of Fig. 2 — Equilibrium in Liquid Steel at 1700° C. (3090° F.) 
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Inclusion ratings of these heats also show clean 
steel, probably due to the carbon reaction and the 
high temperature in the ladle. 

The steels made by this practice are distinctly 
different from openhearth steels of the same car- 
bon and manganese content. 





























For seamless tube 
manufacture it is necessary to keep the sulphur 
content of these bessemer steels low, preferably 

















Table I — Chemical Balance in a Killed Bessemer Heat 


steels is compared to corresponding gr: les 95 
openhearth steels normally used for casing i» Fig 
3. The killed bessemer steels have likew 


entirely suitable for most forms of comm 


been 


pipe 


usages, and particularly for structural pip such 
as is used for drive pipe, railings, masts, piling, 
and other pipe wherein rigidity and stiffness are 
desirable. 



















MOLTEN P1G 
2800 La. 


BLOWN METAL 
100,000 Lr. 





ELEMENT 













Ln. Ln. 











Carbon 0.04 40 4.25 119 7.00 
Silicon 0.008 8 1.50 42 
Manganese 0.05 50 0.60 17 78.00 
Oxygen 0.08 80 

(0.36% FeO) 























FERROMANGANESE 
600 Lr. 












FINAL HEAT 
103,900 Lp. 


FERROSILICON 
500 Lr. 


ADDITION 
EFFICIENCY 


Ln. Ln. 











42 0.15 156 72.0 
18.00 240 0.21 218 74.5 
168 0.436 | 453 83.2 


0.015 15 











under 0.05°. (This is also true of openhearth 
steels for seamless tubes, unless the manganese be 
The fact that the killed bes- 
semer steels contain considerable amounts of 
phosphorus and nitrogen, generally of the order 
of 0.09% phosphorus and 0.015°¢ nitrogen, gives 














raised above 1°.) 


























these steels high strength and good welding prop- 
erties. For example, a 0.15 to 0.20 carbon killed 
bessemer steel will equal a 1035 openhearth steel 
in tensile properties. 




















Favorable Physical Properties 


During the past seven years the physical 
properties of these killed bessemer steels have 
been quite thoroughly explored. The most signit- 
icant feature from a structural standpoint is the 
fact that steels of high yield point and _ tensile 
strength, with good elongation, are readily made 
with rather low carbon contents. These steels 
have a particularly high elastic limit as compared 
to openhearth steels of the same tensile strength, 
and this special property has made them particu- 
larly adaptable to oil well casing which must be 
highly resistant to collapse —-a property which is 
proportional to the elastic limit of the material 
used, rather than its tensile strength. 

Expected tensile properties are as follows: 


MINIMUM 
43,400 psi. 


AVERAGE 


Yield strength at 0.01% set 53,020 psi. 





Yield strength at 0.2% set 55,000 45,000 
Tensile strength 75,000 66,000 
Elongation in 2 in. 35% 25% 





Collapse resistance of the killed bessemer 
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The effectiveness of this development is well 
demonstrated by the experience obtained during 
the past seven years wherein more than 800,000 
tons of bessemer steel ingots have been produced, 
and some 500,000 tons of seamless pipe and tubing 
have been made in all sizes from 42 to 24 in. out- 
side diameter. $ 
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Liquid Carburizing’ 


Liat ID carburizing is a method of impregnating 
steel surfaces with carbon and small amounts of 
niirogen to improve strength and wear resistance. 
\s distinguished from plain mixtures of cyanide 
ind chlorides, liquid carburizers are used for pro- 
ducing deep cases of high carbon and low nitrogen 
content. In composition these baths differ by the 
presence of alkaline earths (barium, calcium and 
strontium) which function as catalysts to increase 
the rate of carbon absorption. 

Carburizing activity of the bath is due to the 
decomposition of sodium cyanide (NaCN). In the 
presence of oxygen it changes into sodium cyanate 
NaCNO), which in turn decomposes into sodium 
carbonate (Na.CO,), carbon monoxide (CO), and 
active nitrogen (N). The atomic nitrogen com- 
bines directly with the iron, while carbon monox- 
ide is converted into carbon dioxide (CO,) and 
active carbon (C) before the latter is absorbed 
into the case. As nitrogen interferes with carbon 
absorption, plain cyanide baths without catalyzers 
are economical only for the production of shallow, 
high nitrogen, low carbon cases; their depths 
rarely exceed 0.010 in. 

The addition of alkaline earth catalysts to a 
evanide bath inhibits the formation of sodium 
evanate. The increased carburizing activity of the 
bath is attributed to the reaction 

Ba( CN). BaCn, +C 

known as the “cyanamid shift”. This becomes 
increasingly prominent with increasing tempera- 
lure, thus liberating larger amounts of active 
carbon with diminishing amounts of active nitro- 
sen. As indicated in the second paragraph, the 
«mount of nitrogen absorbed by the steel at a 
siven temperature is a function of the cyanate 
content of the bath. 

*One of the documents used by the @ Metals 
Handbook Committee in formulating the section on 
carburizing for the 1947 edition. 


October, 1946; Page 665 





By R. S. Komarnitsky 
Standard Steel Spring Co. 
Coraopolis, Pa. 


The presence of nitrogen in 
the surface layers of the steel 
part, in amounts produced by 
liquid carburizing baths, is only 
beneficial as it improves the 
wearing properties of the case. 
Operating Ranges-- The 
economical operation range of 
liquid carburizing baths is 1550 
to 1750° F. Below this range 
they produce shallow, high nitro- 
gen, low carbon cases compara- 
ble to those obtained in plain cyanide baths. 
Operations above 1750° F. are not economical, due 
to rapid rise in costs, including maintenance of 
equipment, necessity of preheating the work, and 
critical selection of steel. 
Time-Penetration Data 
to operate within the 1550 to 1650° F. range belong 
to the “accelerated” or “activated” type. Operating 
with a cyanide content of 17 to 23% and a top 
eyanate limit of 1%, they produce economically 
carbon-nitrogen cases up to 0.030 in. deep. Typical 
time-penetration curves are shown in Fig. 1, page 
666. Range of composition of accelerated baths 


Baths compounded 


is given in Table I. 

“Deep-case” baths are characterized by lower 
cyanide content (7.5 to 12°), the presence of two 
catalysts, and generally higher catalyte content 
(see Table I). Operating within the 1600 to 
1750° F. range, and with cyanide limited to 0.3%, 
they produce economically cases up to 0.250 in. 
deep. Nitrogen content of such cases diminishes 
with higher operating temperatures. Typical time- 
penetration curves are shown in Fig. 2, page 667. 

Liquid carburizing offers the metallurgist the 
following advantages: 

1. Freedom from distortion, not equaled by other 
carburizing methods. 

2. Absence of “oxygenation” of case, often pres- 
ent after pack carburizing. 

3. Very close but easy control of depth and 
characteristics of case. 

4. Economy and flexibility of operation. 

5. Adaptability to mechanization and mass pro 


duction, 
There are also certain disadvantages, such as: 
1. Necessity of removing salt from the work by 
special means, such as hot spray washing, acid dip, o1 


dip in bath of double salt. 
2. Difficulty in keeping the installation and its 


surroundings spot-clean. 
3. Necessity of careful disposal of cyanide-bear- 


ing wastes. 
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Fig. 1 —- Relationship Between Time and Depth of Case 
Induced in Low Alloy Steels by Accelerated Baths 


Control and Operation 


Liquid carburizing baths are available as 
single mixtures, containing all the necessary 
ingredients, or in two components, consisting of 
a neutral salt base or mixture and a concentrated 
‘carburizing mixture of cyanide and alkaline earth 
catalysts. Control of the carburizing performance 
of an uncontaminated bath depends entirely upon 
maintaining the required concentration of cyanide 
within the cyanide- 
catalyte ratio. Hence the replen- 
ishment should be done not by 
adding concentrated cyanide or 
cyanide-chloride mixtures, but 
by adding a mixture of compo- 
nents containing properly bal- 
anced amounts of cyanide and 
catalytic salts. The drag-out 
losses are usually insufficient to 
adequate 


p roper 


provide room for 
replenishment of cyanide; con- 
sequently single mixture baths 
are more expensive to operate as 
they require a larger amount of 
discard. 
Free access of the air to the 
bath causes waste, as oxygen 
‘auses cyanide to decompose and 
generate carbon at a rate in 
excess of the steel’s ability to 
absorb it. Hence the universal 
use of carbonaceous cover on the surface of the 
bath. It also performs another valuable function 
-a considerable reduction of radiation losses. 
The amount of air available for oxygen- 
cyanide reaction is a prominent factor in selecting 
the control method. A reasonable uniformity of 


$ 6 8 VW 


case may be obtained without periodic analy .is fo, 
cyanide content only in continuous operati:) of , 
bath using identical charges and carby zing 
cycles, so that there is only a small varia( yy jp 


cover disturbances. 


In such operations periodic 


replenishment based upon a previously estal)\ished 


schedule may suffice. 


However, analysis of eya- 


nide content is simple and does not require fyll- 
fledged laboratory facilities, and such period 
control pays big dividends in consistency of results 


and economy of operation. 


If it is combined with 


metallurgical examination of case characteristics. 


no other chemical analyses are necessary for 


normally operating baths. 
Failure to obtain proper depth of case at 


previously 


established 


carburizing cycles is 


attributable to (a) cyanide content insufficient to 
generate the required amount of active carbon 
within the time and temperature limits of the 
cycle; (b) stratification of bath, due to sludging 
and presence of Na.CO, in excessive amount (see 
Table I, p. 667, for limits); (c) excessive NaCNO 
content (resulting in blocking the carbon penetra- 
tion by nitrogen) either due to improper cyanide- 
catalyte ratio, or interference with catalytic action 
by contamination with silica, metal oxides, and 


other impurities. 


Typical compositions and operating limits of 


liquid carburizing baths are shown in Table 1. 


While most of the 
earburizing baths utilize 
sodium cyanide as _ the 
active ingredient, a pro- 
prietary bath utilizing 
calcium cyanide has 
been successfully used 
for many years to obtain 
cases up to 0.030 in. It is 
noteworthy that the 
amount of Ca(CN), in 
this bath is approxi- 
mately 0.5% a small 
percentage of the sodium 
cyanide required to 
obtain 
results in the other types 
of bath. However, the 
necessity of using 
approximately 70% of 
calcium chloride is the 
most serious drawback 


compara ble 


of the calcium cyanide type of carburizing bath. 
Use of this highly hygroscopic salt requires special 


precautions to avoid rust on the work. 


It also 


adds materially to the equipment maintensnee. 
Liquid carburizing baths are simple to oper 
ate if certain precautions are observed. 
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, General Precautions 

a  Carburizing salts should be stored in 
dosed containers in a dry place to prevent 
absorption of moisture and consequent decom- 





ysition of cyanide, 
(b) All containers should be tightly 
closed except when actually removing material 








from them. 

c) The furnace should be completely 
hooded and connected to an adequate exhaust 
wstem to carry away fumes of sodium car- 
Although nonpoisonous, sodium car- 
hnate is very irritating to the mucous 
membranes, and in contact with moist skin it 
produces irritation due to its alkalinity. 

_ (d) Low temperature heat treating salt 
should be kept out of liquid carburizing baths, 
is it explodes on contact with molten cyanide. 

(e) Dirt, dust and oxides should be kept 
ut of the bath to prevent contamination. 





honate. 


Case Depth in 0.00/ In. 










» Starting a New Bath 





a) Obtain and follow advice of furnace 
and salt manufacturers. 
b) Clean pot free of all moisture and scale. 
(c) Melting in an externally heated furnace 
must be done gradually to prevent local overheat- 







ing of the pot. 

(d) A two-component bath, in an immersed 
electrode type of furnace, should be started by 
melting the neutral base component. After a 
sizable puddle of molten salt is obtained, replen- 
ishing mixture may be added in a ratio required 
lo obtain the desired concentration of cyanide. 

e¢) Control the heat input rate by manual 
settling of transformer taps so as not to exceed 
the rated capacity of transformer (usually marked 
with a red line on the ammeter). 

f) Stabilize the bath for 
operating temperature before start of production. 













hours at 





several 






3. Operation 





a) Fixtures and work should be completely 
dry before charging into the bath; moisture causes 






spattering. 


(b) 





Face masks must always be worn in 






Table I— Composition Ranges 












| ACCELERATED Deep-CaseE 






BATH BATH 
Sodium cyanide | 17to 23% 7.5 to 12% 
Barium chloride 15 to 40% 45 to 55% 
Other alkaline earths | 0 to 3.5% 2 to 10% 


Potassium chloride — 

Sodium chloride | 20 to 30% 
Sodium carbonate 30% max. 
Sodium cyanate 1% max. 


0 to 15% 
30% max. 


| 5.5 to 20% 
| 0.30% max. 
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charging work in and out of furnace and in han- 
dling molten salts. Asbestos gloves should also 
be provided. 

(c) To avoid possible violent expulsion of 
material during solidification, molten salt should 
not be ladled out into containers more than 6 in. 
deep. P 

(d) 
inherent in liquid carburizing baths. 
is inadequate a high purity natural flake graphite 
artificial graphite 


powder with an ash content not over 2° should 


carbonaceous cover is 


If this cover 


Formation of a 


(silica content 1° max.) or 
be used. 

(e) <A thick sludge of carbonates with heavy 
metallic content forms in the bath. (It consists 
of reduced iron oxide from work fixtures and pot, 
nickel and chromium from electrodes and thermo- 
couple tubes, copper and other impurities.) Sludge 
should be removed periodically by scraping the 
bottom of the pot with suitable tools. 

(f{) If stop-offs are needed for selective car- 
burizing, only high density copper plates, depos- 
ited from cyanide solutions, should be used on the 
surfaces to be free of carburization. 

(g) A nonsaponifiable oil should be used for 
quenching, since drag-out salt may form soap and 
gum on the part, difficult to remove. 

(h) Hot spray washing with emulsion type 
cleaners is best for removing salt from work and 
fixtures. To remove salt from deep recesses, the 
work may he dipped from 2 to 10 sec. in a 10% 
concentration of inhibited hydrochloric acid, fol- 
lowed by thorough water wash and immersion in 
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warm oil or a hot alkaline bath containing 4 oz. 
per gal. of soda ash. 

(i) It is a common practice in mass produc- 
tion setups to dip the work into double chloride 
(KCI+NaCl) salt bath to remove relatively insolu- 
ble alkaline earth compounds. This bath may also 
perform two other valuable functions ~ removal 
of cyanide to permit safe isothermal quench in 
nitrate-nitrile salt, and stabilizing work at lower 
temperature for quench. 

1. Restarting of Frozen Bath 

(a) Remelting hazards are completely avoided 
Before the bath 
freezes, insert a steel wedge in the center of the 
bath. The tip of the wedge should touch the bot- 
tom of the pot, while the nose should protrude at 
Do not remove the 


by the following precautions: 


least 4 in. above the salt level. 
wedge until the bath is solidified completely, as 
molten salt may be forcibly blown out through 
the created opening. Remove the wedge before 
remelting, after loosening by tapping it with a 
hammer. The space occupied by wedge will then 
provide a vent for entrapped gases, expanding 
during remelting. 

(b) The above precautions are not necessary 
in electric furnaces with closely spaced electrodes, 
or in wide-spaced electrode furnaces equipped 
with starting coils, as such baths melt from the 


top downward. 


5. Safety Considerations 
The possibility of cyanide poisoning js yer 
remote if a few simple precautions are ol, .cryed.+ 
Poisoning may occur either by breathing ¢ \anogen 
t with 
any acid) or by taking cyanide into the body by 
mouth. A less prevalent hazard is the co: linuous 
contact of cyanide with the skin, resulting oceg. 
Burns from molten 
cyanide mixtures are the same as those from alka- 
lis and should be treated in a similar manner. 


gas (generated if cyanide comes in con! 


sionally in “cyanide sores”. 


Equipment and Fixtures 


Two general types of furnaces are available 
for liquid carburizing; one is an externally heated 
pot, the other is of the immersed electrode type, 

Externally heated pots are heated by oil, gas 
or by electric resistance coils. Special attention 
should be paid to furnaces of this type to obtain 
reasonably long life of pot and furnace: Prevent 
direct impingement of the flame on the pot; arrange 
combustion eliminate “hot 
seal around the edges of the pot to prevent seepage 
of salt into the combustion chamber. This type 
of furnace is suitable only for intermittent pro- 
The controlling factors 


chamber to spots”; 


duction on a small scale. 

are limitation of pot size and unsuitability for 
operation above 1650° F. 

The development of the 








hig. 3— Liquid Carburizing Bath With Overhead Screw Conveyor for immersed electrode type of furnace 

Passing Work Through Bath. Loading, quenching, unloading of fix- made feasible the ‘application of . 

tures, each carrying four automotive spline shafts, is done manually liquid carburizing to large volume Fig 
production. It employs a_ welded 
rectangular pot made of low carbon ” 
boiler plate and two or more elec- 
trodes of heat resisting alloy, Inc 
immersed in the bath. Heating is ible 
accomplished by virtue of the resist- cou 
ance the liquid salt offers to the if ¢ 
passage of alternating curren 
between electrodes. Current comes the 
from one or more transformers, inst 
with secondary circuit output of 9 cort 
to 16 volts through several laps. An 
arranged for manual adjustments bul 
for heat input rate. Temperature fail 
control (of on-off type) is by thermo- evel 
couple and controlling pyrometer, late 
which actuates magnetic switches in the 
the primary circuit of the transtorm- que 
ers. The thermocouples are pro ucts 
tected by sheaths ordinarily made of Shor 

*See Metal Progress Data Sheet 0. . 

60 (1946 Edition) for “Prec:utions ire 
Against Cyanide” prepared by the stall I ¢ 
of E. F. Houghton & Co. Ines 
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Fig. 4— Mechanized Liquid Carburizing Unit for 
Hardening Refrigerator Parts. The work is carried 
through carburizing bath at 1750, a cleaning bath at 1450, 


Inconel, and sometimes of pure nickel. It is advis- 
ible to install an additional indicating thermo- 
couple for each controlling one, for quick detection 
if controlling thermocouple failure. 

If salt, even in minute quantities, drops into 
the gap between the outer wall of the pot and the 
insulating brick in the furnace setting, progressive 
corrosion of the outer surface of pot will occur. 
\n increased volume of corrosion products will 
bulge the pot’s walls inward and lead to premature 
failure. If precautions are well taken care of, 
eventual pot failure will occur at a considerably 
falter date by corrosion perforation of the wall at 
the salt level. 


quently removing deposits of decomposition prod- 


This corrosion is retarded by fre- 
iets on the walls of the pot. This precaution 
Should also apply to electrodes. 

Baskets, racks and fixtures for handling work 
ire usually made either from heat resisting alloys 
' chromium and nickel (20-25 Cr-Ni min.) or 
Welded structures of rolled shapes last 


" 
n } 
HICOyT j 





a water quench, a tempering bath at 350°F., followed by 
wash and rinse. Conveying mechanism returns work over- 


head to loading station. Courtesy of Ajax Electric Co. 


longer than castings. If the installation has a 
high ratio of salt volume to work, and if fixture 
distortion is of little importance, welded low car- 
bon steel fixtures are often economical. Careful 
design of handling fixtures and quenching systems 
is necessary to obtain the full benefit of freedom 
from distortion offered by liquid carburizing. 
Handling of the work ranges from charging 
in-and-out, small individual furnaces by hand, to 
entirely mechanized production setups performing 


automatically all operations from charging to 
washing and drying the carburized and quenched 
parts. Three general methods are used in mecha- 
nization: (a) the screw conveyer, (b) the “jack- 
rabbit” conveyer, and (c/ a circular arrangement 
ot pots with the work conveyed by a centrally 
located “merry-go-round”, 

By adaptation of any of the above methods 
or combinations of same, a great number of effects 
can be obtained, limited only by the ingenuity of 


the designers. ~ 
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Our Biographical 


Richard Sebastian Read 


Dean of Electric Furnace 
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HE LATE Dr. JoHNn A. MaTHEws has said that 
the era of our modern steel expansion began 


in 1874-— steel nails, barbed wire, tinplate, the 
first steel bridge, all appeared in America. That 
was the year Dick Reap was born. Therefore, 
during his lifetime the steel industry has grown 
from comparative infancy to what it is today. He 
has seen the annual steel production in the United 
States increase from less than 4,000,000 tons to 
over 90,000,000. The capacity for electrically 
melted steel today is greater than that of crucible, 
openhearth and bessemer combined in 1889.’ 

RicCHARD SEBASTIAN READ comes from a family 
of steelworkers rollers, melters, puddlers. His 
grandfather, SEBASTIAN NEVERGOLD, was a roller at 
Singer-Nimick Works in Pittsburgh for 35 years. 
Dick’s father, Ricuarp J. Reap, worked for 
NeverGoLp at Singer-Nimick, and in 1873 went 
to the Canton Steel Co. at Canton, Ohio, eventually 
becoming superintendent of the openhearth. Dick 
at 15 began working for his father, and when 
his father died, six years later, Dick was made 
superintendent —- quite a responsibility for a young 
man of 21, even in those times when boys took 
on men’s work, 

Crucible Steel Co. of America later acquired 
the Canton Steel Co. and transferred the most 
desirable orders to the Pittsburgh plants. There- 
fore, in 1903 Dick left Canton and went to work 
for the Vulean Crucible Steel Co. 

The following year, R. H. BuLLEy, who had 
owned a goodly portion of the Canton Steel Co., 
leamed up with C. Herpert Hatcoms (who had 
been in charge of Sanderson Brothers Steel Co. at 
Syracuse and later president of the newly formed 
Crucible Steel Co. of America) and projected the 
Halecomb Steel Co. in Syracuse, now the Haleomb 
Works of Crucible Steel. The plant was to make 
high grade steels — mostly toolsteels——and in 
addition to the usual crucible melting furnaces, 
hammers, rolls, heating furnaces, annealing fur- 
haces and wire mill, there was at first contem- 
plated a stationary openhearth furnace. Dick was 
called from Vulean by Mr. Buttey (February 
95) to draw up the plans and to operate this 
furnace, based on his experience at Canton, but 
‘hortly after this the plans were changed. 

Early in 1905, Reap met Dr. Paut Heroutt, 
he French designer of and the holder of patents 
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issued in 1886 covering an “arc resistance electric 
furnace Experience in France had indicated the 
possibilities of this furnace for fine steelmaking, 
and the infant Halcomb company, taking a long 
chance, purchased a furnace from Dr. Herou ct, 
and persuaded him to forward to the United States 
the shell of a single-phase three-ton furnace then 
building. This furnace became Halcomb furnace 
“Number One”. Dr. Heroutt’s original idea was 
to use the electric furnace simply for deoxidation 
and the removal of sulphur, as he had obtained a 
process patent in the United States which called 
for melting and dephosphorizing in a tilling open- 
hearth furnace where a continuous bath was 
maintained. Molten metal was to be taken from 
this reservoir furnace and charged into the electric 
furnace where the heat was duplexed. 
Accordingly, a 20-ton tilting openhearth was 
installed at Haleomb by Wellman-Seaver-Morgan. 
As a source of power for the electric furnace, a 
special General Electric generator with high 
amperage and low voltage (500 kya.) had to be 
designed and built; it was driven by a McIntosh- 
Seymour cross-compound engine. The original 
automatic electrode regulator was a Thury, This 
furnace was the first commercially operated, 
electrically heated steel melting furnace in_ the 
western hemisphere. Therefore, this year, 1946, 
is the 40th anniversary of American electric steel. 
The first heat was made on April 5, 1906, and 
was a cold melt, straight carbon toolsteel Heat 
No. 1-D-6. This historic heat was scrapped because 
something went wrong with the mechanical equip- 


” 


ment and there was not enough power available 
to obtain the desired temperature, but even at that 
the phosphorus was 0.032 and the sulphur 0.025‘ 

The second, third and fourth heats were also 
cold melt, straight carbon toolsteel heats, and in 
these heats, the phosphorus and sulphur ran 
0.021 and 0.022%, 0.020 and 0.030°., 0.018 and 
0.025% respectively. Twenty years later, speci- 
mens of these heats were subjected to modern 
metallurgical inspection, and measured up to car- 
bon toolsteel standards, 

From then on, the heats were duplexed and 
the openhearth under Dick Reap delivered its first 
metal to old “Number One” on April 12, 1906. 
Heat 5-D-6 showed phosphorus 0.0130 and _ sul- 
phur 0.022%. Heat 15-D-6 showed phosphorus 
0.014% and sulphur 0.016%. Every good tradition 
of crucible melting practice was carried over to the 
new electric furnace process. By 1907, operations 
were under the supervision of Halcomb’s own 
melters. The openhearth continued to deliver hot 
metal until about 1920. 

(This openhearth also made “shot” for use as 
a base in the crucible melting furnaces. It was a 























sight never to be forgotten to see a ladle, filled with 
20 tons of molten metal, suspended from a crane, 
move slowly up and down the length of a 25,000- 
gal. concrete tank filled with water and to see the 
hot metal run from the ladle into a graphite pot 
suspended from the ladle —- with holes through 
sides and bottom and into that water tank.) 

From April to December 1909, Reap was at 
the South Chicago Works of 
Illinois Steel Co., where a three- 
phase 15-ton Heroult was being 
broken in. He then returned to 
Haleomb’s electric furnace 
department, where he has been 
ever since. 

In the beginning, old “Num- 
ber One” was really a problem. 
There were no spares for any 
of the European-built parts and 
when something went wrong, the 
furnace shut down until a 
replacement could be made or 
the part rebuilt. For example, at 
the 25th heat, a large worm gear 
on the tilting mechanism broke. 

By 1909, “Number One” was 
melting alloy steels to supply a 
better product for the then rap- 
idly expanding automobile industry. 
(342° nickel), chromium-vanadium steels and 
chromium-nickel steels appear on the Halecomb 
melting record in March and April 1909, bearing 
steels in 1910, tungsten magnet steel in 1911, 
Krupp chromium-nickel in 1914, chromium magnet 
in 1915, and high chromium stainless in 1919. 

Furnace roofs were always a source of great 
trouble. At first, the roof was only 16 in. high at 
the arch and 7 in. at the skewback. That was 
hard not only on roofs but also on the bottoms, as 
the silica from the melting roof bricks would drip 
into the basic slag, upsetting the balance there 
and cutting the basic banks and bottom. Even- 
tually, the roof was raised until it was 24 in. al 
the arch and 14 at the skewback. Dick's efforts 
along this line resulted in an increase in the aver- 
age roof life from 20 heats to well over 100. 

Hot top ingot molds were used from the 
beginning. These hot tops were heated hot (and 
still are) before being placed on the ingot molds, 
Tapered ingots were also first cast from steel from 
this furnace in 1909, the usual ingot size being 
8x9, or 8x9%o in. Electrodes were 10°, in. quarter 
octagon, and the waste stub was as much as 50 in. 


Nickel steel 


long. This, of course, was corrected with the 
advent of the round threaded electrode and nipple, 
making it possible to add an electrode to the por- 
tion in use and avoid the stub discard. 









Old “Number One” now stands on a crete 
pedestal in Bulley park, a little trios cular 
grassy plot at the office building. “It could stiy 


be melting steel,” said Reap to a recent vis)tor, 

While the electric furnace of itself was not 4 
cure-all, Reap realized it would prove an e\cellent 
medium for control purposes and for the recovery 
of alloys formerly lost entirely or in part in the 
openhearth furnace. In 125, he 
made the first approach to 
hardenability control in carbon 
toolsteel and shortly thereafter 
was its master. 

He still maintains his frae- 
ture tests and, of course, all of 
his life has battled with slits. 
hairlines, inclusions, and the 
other diseases inherent to the 
melting furnace and the ingot 
mold. 

RicHARD READ married 
KATHERINE C. Price at Canton, 
Ohio, and they have three daugh- 
ters, ELIZABETH, MARGARET and 
JuLia, all university graduates 
MARGARET lives with her parents 
in their fine three-story home 
near the Drumlins at Syracuse's 
eastern edge. Those Drumlins are glacia! 
hillocks over which Syracuse golfers play in 
summer, and Syracuse youngsters sled in win- 
ter. No sportsman, Dick Reap at 72 takes his 
pleasure by simply motoring with Mrs. Reap 
throughout the countryside. 

Reap is a charter member of the Syracuse 
Chapter @, and past president of the Electric 
Metal Makers Guild. 

To his subordinates, Dick Reap is an inspira- 
tion, a leader and a teacher, never a boss. Quiel, 
soft spoken, unhurried, he can be exemplified by 
any one of his casting crews. From the craneman 
in the cage to the melter on the floor, from the 
stopper man to the man who heats the hot tops 
and places them on the ingots, teamwork is like 
clockwork perfect coordination. 

His character as a supervisor is to be gaged 
by his prize remark: “The Company makes the 
good steel; I make the bad.” Thus, to his cowork- 
ers he gives complete and absolute cooperation. 

He never forgets the fundamentals. With 3! 
of our scientific advances, with all of our know! 
edge gained, with every help and aid available, the 
metallurgy of steel while at very high temperature 
is still clouded by many unknowns. High grade 
steel melting is still an art requiring artists — 2 
the dean of these artists is Ricnarp S. REA» 

Howarp J. Ste 
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Correspondence 


Copper Plate as a Stop-Off When 
Nitriding 


Detroit, Micn. 
the Readers of METAL PROGRESS: 


In his letter in the April 1946 issue, C. J. 
Miller lists information of interest on stop-olT 


materials when nitriding, which supplements that 
ublished by the undersigned in the February 
45 and December 1945 issues of Metal Progress. 

In comparing his work with that done by us, 
Miller apparently overlooks the significant differ- 
nee that his data were obtained for a_ 605-hr. 
uitriding cyele while the data submitted by us 
were obtained for a 154-hr. cycle, with a few runs 
being made for longer periods. He found that for 

fo-hr. eyele the kind of plate was relatively 
mimportant. This may be true for such a short 
vele but it is not borne out by our experience 
when using a cycle as long as 154 hr. 

On the production job from which the 
thors’ data were obtained, cyanide copper depos- 
sand also bronze deposits gave poor results -— 
ntact the excessive number of failures in the 
ulriding furnace which resulted when _ these 
leposits were used led directly to our study. 

Regarding Mr. Miller’s comments about sand- 
lasted surfaces — we did not say that sand blast- 
ig did not improve the plate distribution. We 
lid find that a heavier over-all plate was required 

protect a sandblasted surface than was 
‘quired to protect surfaces finished by machining 
‘grinding. The data given in our letter in the 
December 1945 issue of Metal Progress apparently 
fe supported by Miller’s data —- that is, in general 
‘he rougher the surface the heavier the copper 
“posit must be to be effective. 

W. V. STERNBERGER 
— -Metallurgist and 
or Products Corp. 


E. R. Fany 
Chemical Engineer 
United Chromium, Inc. 


Doggonit 


KALISPELL, MONT. 
To the Readers of METAL ProGress: 

On reaching this western retreat, and unpack- 
ing things for walking, riding, fishing, hunting, 
I find a photograph of a spotted setter (maybe 
part Dalmatian) on point my dog Hadfield. He 
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was originally photographed (9500 diameters) at 
Battelle Memorial Institute, where he materialized 
as a group of oxide and sulphide inclusions in a 
piece of medium carbon, high manganese cast steel. 
JOHN A, FINLEY 


A Fable for Atom Busters 


BosTon, MAss. 
To the Readers of Mevar ProGress: 

In view of the many recent editorial com- 
ments on atomic fission I thought this Indian fable 
might be of as much interest to others as it was to 
me. I happened upon it in “The Wisdom of China 
and India”, 
in 1942 by Random House; and was struck by its 


edited by Lin Yutang and published 


timelessness and timeliness. Alter a few words 
in the final verse and it is far from antiquated! 
DorotHy K. SPENCER 


The Lion Makers 


In a certain town were four Brahmans who lived 
in friendship. Three of them had reached the far 
shore of all scholarship, but lacked sense. The other 
found scholarship distasteful; he had nothing but 
sense. 

One day they met for consultation. “What is the 
use of attainments,” said they, “if one does not travel, 
win the favor of kings, and acquire money? What- 
ever we do, let us all travel.” 

But when they had gone a little way, the eldest of 
them said: “One of us, the fourth, is a dullard, having 
nothing but sense. Now nobody gains the favorable 
attention of kings by simple sense without scholarship. 
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Therefore we will not share our earnings with him. 
Let him turn back and go home.” 

Then the second said: “My intelligent friend, you 
lack scholarship. Please go home.” But the third said: 
“No, no. This is no way to behave. For we have 
played together since we were little boys. Come along, 
my noble friend. You shall have a share of the money 
we earn.” 

With this agreement they continued their jour- 
ney, and in a forest they found the bones of a dead 
lion. Thereupon one of them said: “A good opportu- 
nity to test the ripeness of our scholarship. Here lies 
some kind of creature, dead. Let us bring it to life by 
means of the scholarship we have honestly won.” 

Then the first said: “I know how to assemble 
the skeleton.” The second said: “I can supply skin, 
flesh, and blood.” The third said: “I can give it life.” 

So the first assembled the skeleton, the second 
provided skin, flesh, and blood. But while the third 
was intent on giving the breath of life, the man of 
sense advised against it, remarking: “This is a lion. 
If you bring him to life, he will kill every one of us.” 

“You simpleton!” said the other, “it is not I who 
will reduce scholarship to a nullity.” “In that case,” 
came the reply, “wait a moment, while I climb this 
convenient tree.” 

When this had been done, the lion was brought 
to life, rose up, and killed all three. But the man of 
sense, after the lion had gone elsewhere, climbed 
down and went home. 

And that is why I say: 

Scholarship is less than sense; 
Therefore seek intelligence: 
Senseless scholars in their pride 
Made a lion; then they died. 


Subsurface Nucleus of Failure 


WILLIAMSPoRrT, Pa. 
To the Readers of Merau ProGress: 

We thought you might be interested in the 
valve spring failure illustrated, a photograph of 
the fractured surface at about 15 diameters. The 
arrow points to a small hole just beneath the sur- 





face which was the nucleus of the failur: ‘atigue 
rings can be seen emanating from this ho which 
was almost spherical in shape). What puzzled 
us was how this spherical hole could be presen; 
in the finished part after the material had been 
subjected to all the mechanical workin: during 
the process of cold drawing and other lianufae- 
ture. The hole may likely have been filled with 
refractory material or a spherical inclusion which 
dropped out upon failure. At any rate this is the 
most striking example of subsurface failure that 


R. D. ZONGE 
Chief Metallurgist 
Lycoming Division, The Aviation Corp. 


we have seen. 


The Bailey Bridge 


LONDON, ENGLAND 
To the Readers of METAL ProGress: 

Many references have been made to the great 
help which allied troops received, during the inva- 
sion of Italy and later in the campaign in northern 
France, from the standardized bridge unit know 
as the Bailey Bridge, but little published about the 
engineering details. The bridge itself was chris- 
tened for Donald Coleman Bailey, civilian chie! 
designer of Britain’s War Office Experimenta! 
Bridging Establishment. The idea was in his 
mind for some years, but detailed development 
was not started until late in January 1941; the 
prototype was tested and the design put into pr 
duction on July 2 of that year. Speed was neces- 
sary because existing types of bridging could carry 
no more than 27 tons, and the Churchill tank then 
being designed was expected to weigh somewher 
between 45 and 50 tons. 

The basic principle was to be a through type 
of bridge of two main girders. These girders 
would be built up of panels, the design being 
arranged that an indefinite number could be 
placed end to end, one, two, three or more trusses 
built up of prefabricated panels could be placed 
side by side, and two or more stories could kk 
erected above each other. This produced girder 
of variable strength which the designers felt had 
provided an answer for any future flights of fancy 
on the part of tank or mobile gun designers. The 
through girder allows a minimum construction 
depth and a roadway near the level of the bottom 
chord, while the presence of the main girders # 
each side gives the vehicle drivers a sense of safely 

Tolerances were kept as generous as possible 
to utilize the capacity of innumerable small firms 
of the “garage” type which had lost their bust 
nesses owing to the war but had small work: 
shops containing a few machine tools and welders 
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The basis of the design was that a double 
truss, double story bridge should carry a 50-ton 
tank over a span of 120 ft. The units of the bridge 
would also have to be loaded in standard trucks. 
These requirements produced a panel approxi- 
mately 10 ft. long and 5 ft. high weighing 570 lb., 
and it was decided that no part of the bridge 
should be heavier than this-— that is, a six-man 
load. The panel was an all-welded structure in 
the form of four K’s facing alternate directions. 

One of the heaviest parts of all military 
bridges of this type is invariably the cross-girders 
which carry the deck. These were therefore spaced 
at 5-ft. intervals instead of the usual 10 ft. At the 
same time arrangements were made to double 
them when the bridge was required to carry extra 
heavy loads. This close spacing in turn enabled 
2-in. timber decking to be used. 

Another most important feature of the design 
Was the simplification of all connections. Panels 
Were designed with male and female jaws at their 
corners, and the joint was made by the insertion 
of a single pin at each corner to lock them together. 
The principle adopted for all minor connections 
Was that the load should be taken by a single 
tapered dowel engaging in a socket in the opposite 
member. This dowel was held in engagement by 
a small bolt and nut which passed through its 
center. The taper on the dowel in combination 
with the pull of the bolt was an effective method 
of aligning the two parts during assembly. Since 
the bolt takes no load itself, it was possible to 
‘france its dimensions so that only two spanners 








“Skyline” Bridge Across the Albert 
Canal in Holland, Utilizing Bailey 
Units for a Pier, 50 Ft. High 


could erect the whole structure. 

The bridge is erected on the 

roadbed at the near abutment. As it 

is erected it is pushed forward on rollers 
(the bottom chord having been deliber- 
ately kept smooth). Three panels are on 
land while two are overhanging space; this 
proportion is maintained until the “launching 
nose” --a dummy prolongation reaches land. 

This method of launching has many advan- 
tages: It requires the construction of no anchor- 
ages; all bridge assembly can take place on dry 
land before any part is pushed out over the gap; 
it requires no derricks, ropes or tackles, and if 
power is required to assist in pushing a heavy 
span on its rollers, this is readily available from 
one of the trucks which has brought the bridge 
parts to the site. 

Bridges up to about 120-ft. span can generally 
be launched by man power. 

Once the design was accepted production 
grew quickly to an extremely high rate. The 
design lent itself to accurate jigging, but there was 
an acute shortage of skilled welders, so there were 
many early problems arising out of the employ- 
Apart from the 
normal engineering concerns, such firms as gar- 


ment of semiskilled operators. 


ages, metal window makers, bedstead makers 
even confectioners were all turning out parts. 
An elaborate system of gages had to be rapidly 
devised to insure interchangeability of compo- 
nents made by such a variety of firms. The basic 
120-ft. bridge contains approximately 70 tons of 
steel, made up of 31,000 detail pieces, and requires 
more than 3 miles of weld. 

Over 200 miles of fixed bridge and 40 miles 
of floating bridge were manufactured in Britain, 
and over 600 firms were employed on the job. 
Peak production reached 22,500 tons (approxi- 
mately 8 miles of bridge) a month. The planned 
rate of production was maintained despite German 
air raids, flying bombs and rockets. 

In the United States the components were 
redesigned to suit American rolled sections, par- 
ticular care being taken to make the parts inter- 
changeable with British. Owing to the quantities 
already made it was only necessary for American 
production to reach about 10° of the British. The 
American unit was constructed of high tensile, 
low alloy (nickel-copper) steel with tensile 
strengths between limits of 63,000 and 70,000 psi. 

S. A. Stewart, (Col.) 
Deputy Director 
Royal Engineer Equipment 
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Timing High Speed Tools in High Heat 


NICETOWN, PHILADELPHIA 
To the Readers of Mevat Prooress: 

Here are some curves we have successfully 
used for several years for timing high speed steel 
of various sections in the high heat furnace after 
a 1600° preheat. We use muffle furnaces, and the 
data are for them. <A> shorter time than that 
shown would probably be sufficient in a salt bath. 
We have no information as to the latter point; per- 
haps other readers knowing the facts would be 


willing to publish them. 
- | A. A. Brapp 


Asst. Supt. of Research, The Midvale Co. 


Salt Baths for 18-8 


DuNDAS, ONT. 
To the Readers of Mevau LAOsness : 

Keith Whitcomb’s article in the August issue 
on “Salt Baths for Heat Treating 18-8" brings 
forth some questions and comment: 

The use of molten sodium carbonate as an 
austenilizing medium makes one wonder how 
much decarburization is noticed and what effect 
it has, beneficial or otherwise, on the corrosion 
resistance of heat treated parts. It would seem 
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that such a bath would be quite unsuited |; the 
hardenable types of stainless. 
In our shop we have not found ()\\{ the 


straight barium chloride baths give off ai\ chio- 
rine when new. They give off a very lilt!» fume 
at 1850° F. and can be rectified by inmersed 
graphitic carbon rods. Our experience is cvnfined, 
however, to refractory brick pots and submerged 
electrodes. It would be interesting to know what 
type of pot is best for sodium carbonate. 

To one who has experienced posthardening 
corrosion caused by chloride baths the use of 
sodium carbonate seems like a worthwhile inno- 
vation when decarburization is not a factor. 

L. F. Train 
Metallurgical Engineer 
Pratt and Witney of Canada 


Shot-Peening of Springs 


Turin, Trary 
To the Readers of Mevar ProGress: 

All informed metallurgists and materials 
engineers know that shol-peening is a very useful 
method for increasing the endurance of machine 
elements whose working surface stresses in ten- 
sion approach the safe limit. However, sonx 
items in recent literature make rather large claims 
for the process one statement being that shot- 
peening inereased the life of springs up to L000 
In my opinion this was too optimistic, far exceed- 
ing our records of service experience, so | had 
some tests made on spring materials of various 
surface conditions and springs of various Lypes. 

0.177-in. dia. spring wire, oil tempered, would 
endure an average of 224 alternate torsions to 180 
as received. Samples cul from the same coil, shot- 
peened with round steel shot, withstood 292 tor- 
sions, an increase of 30°. There was no difference 
in the ultimate tensile strength of the wire, before 
and after shot-peening. 

Heavy helical springs for knee action suspel- 
sions (centerless ground rods) showed a 20 
increase in fatigue life. Automobile leaf springs 
are improved much more; their fatigue life in ot! 
standardized test increases from 100 to 120 

(In this treatment we use round steel sh 
about 0.020-in. diameter, thrown in an air bles! 
of 45 psi., with nozzle 12 in, from the spring. 

In general we find that shot-peening 's 
greater benefit in pieces working in bending 


under flexural stresses than in pieces working 
torsion; also that pieces with smooth surfaces #f 
benefited less than pieces with such surfaces 
left after hot rolling or forging. 
ALBERTO OREFFICE 
Chief Engineer, Steel Dept., The Fiat Ge 
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i's the FINAL COST that counts 
_ keep it low with non-ferrous NICKEL alloys 








No Tube Deterioration Indicated after 6 Years of Service 


in these feedwater heaters, thin tube walls of .o65 gage 
Cupro-Nickel permit high and rapid heat transfer at work 
x pressures Up tO goo pounds p-s.i. Hairpin bend U-tube 
is of 54” O.D. Anaconda Cupro-Nickel Tubes indicate 
deterioration after serving 6 years. Characterized by 
eh strength at operating temperatures, along with sturdy 
resistance to erosion and corrosion, Cupro-Nickel renders 
momies in applications throughout industry . . . just as 


loes in these heaters built by Struthers Wells Corp 


ul 


A Metal Combining Beauty with Practical Durability 


beauty of solid Nickel Silver impresses one instantly. 
Ewentially white in color, Nickel Silver possesses strength 
well as Corrosion-resistant: properties superior to the 

| brasses. It is a metal that may be cast and worked by 

ple methods. Available in extruded, rolled, drawn and 
cast sections, this Nickel alloy lends itself to countless ap- 
plications. A few items produced by the National Brass 
Works of Los Angeles, Calif. in 20 percent Nickel Silver, 


re shown at right. 


NICKEL-BRONZE 


A Little NICKEL imparts Strength and Toughness 


Only 2 percent of Nickel gives these gear rim blanks and 
usiormer case castings what they need. Nickel improves 
strength of standard bronzes and is particularly effec 
raising elastic properties . . . increasing shock 
nce as much as 25 to 50 percent. Moreover, Nickel 
ses castability ... thus it helps to reduce losses due 
isruns and affords a widened casting range. The pho 
shows Nickel-Bronze castings produced by the 

lphia Bronze & Brass Corp. 


« Over the years, International Nickel has accumulate 
\ ful information on the selection, fabrication. treatn 
ance of alloys containing Nickel it vformatin 
ours for the asking. Write for “List A” of avai 
Tenor wate j 


THE INTERNATIONAL NICKEL COMPANY, ING. severe 1-1 
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From Equations & Data of Grange and Stewart, Metals Technology, June 1946 
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The Temperature Range of Martensite Formation 
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lr IS NOW well established that the hardenabil- 
ity of many steels can be markedly increased by 
the addition of extremely small amounts of boron, 
an element which is available in the United States 
in unlimited quantities as far as any possible 
requirements of the steel industry are concerned. 
rhese facts suggest that boron can be used to 
replace some of the strategic alloy elements where 
these elements are used for hardenability. 

Boron is introduced into steel in the form of 
various ferroalloys added in the ingot molds or, 
preferably, in the ladle. Four of these ferroalloys 
will be mentioned, without any implication that 
they are the only ones available or likely to become 
wailable. A ferroboron containing about 11% 
boron is marketed by the Molybdenum Corp. ol 
\merica. The Electro Metallurgical Corp. also 
markets a ferroboron, and in addition a complex 
alloy called Sileaz which contains about 0.5% 
boron. The Vanadium Corp. of America markets 
another complex alloy called Grainal which also 
contains about 0.5% boron. The Titanium Alloy 
Mfg. Co. has an alloy Bortam containing 1 to 2% 
More will be said about these alloys later 
inthis report. [Others have appeared since 1942. | 

Boron can also be introduced into steel by the 
addition of borax to the ladle or ingot mold, espe- 
cially if a suitable reducing agent is mixed with 
the borax. Anhydrous borax or “borax glass” con- 
tains about 20% of the element boron. The use of 
ferroboron has certain advantages over that of 
borax, which is mentioned because it is believed 
to be feasible and because it offers an unlimited 
source of boron as far as the purpose here under 
consideration is concerned. 

The complex alloys mentioned above contain 
important amounts of elements other than iron 
and boron. Their manufacturers and many users 
consider that they improve steel to a greater 
degree than boron alone. In this report the com- 


boron. 


Boron in Steel 
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By Robert S. Archer 


Climax Molybdenum Co. 
New York City 
Past President @ 


plex alloys are considered because 
they offer means of adding boron 

to steel. This does not imply in the 

least that the other ingredients are 

not valuable, nor even that boron is 

the most valuable ingredient of any 

particular complex alloy mentioned 

Determination of Boron — Sat- 

isfactory wet methods are available 

for the determination of boron in 

ferroalloys made to contain § this 

element, in which the boron content will usually be 
over 0.10°%. 
results having some degree of accuracy on cast 


The same methods will also yield 


irons or experimental steels containing down to 
about 0.01 or 0.02% boron, the percentage of erro! 
When 
boron is added to steel to increase hardenability, 
the amount added is nearly always less than 0.01‘, 
and is usually between 0.001 and 0.005 of the 
weight of the steel. Work has been done and ts 
still in progress on the determination of boron in 


increasing as the boron content decreases. 


these small amounts by wet methods, but results 
cannot yet be considered satisfactory.* 

Boron in 
detected by the spectroscope, and it is considered 
in a few laboratories that results are being 
obtained which are accurate enough to be useful 

although still not as accurate as desired. The 
problem has not even been approached of deter- 
mining whether any boron present is in an Oxi- 
dized or unoxidized form or otherwise chemically 


these minute amounts can be 


combined. 

It is thus seen that most of the laboratories 
in the country, whether at steel plants or at con- 
sumers’ plants, are unprepared to determine boron 
or even to detect its presence in steel in the 
amounts here under consideration. This is an 
important obstacle in developing the manufacture 


*Epiror’s NOTE This statement is as of 1942. 
Since then procedures for determining accurately 
small amounts of boron in steel by both chemical and 
spectrographic methods have been developed in gov 
ernment and commercial laboratories. The National 
Bureau of Standards has issued a series of spectro- 
graphic standard samples of boron-treated steels cover- 
ing the range from 0.0006 to 0.019% boron, as well as 
a chemical standard containing 0.0027% boron. Grange 
has also shown that if a steel containing boron is 
transformed isothermally, a precipitate appears at the 
prior austenite grain boundaries, and this is a way of 
detecting boron-treated steels. 
















































































Epitor’s Nore: As all American metal- 
lurgists know, a shortage in the ordinary 
alloying elements for ordinary steels was 
anticipated early in the war. Readers of 
Metal Progress have been informed about 
the various expedients adopted to meet the 
changing conditions imposed by the de- 
mands of the Army and Navy, and the 
chemical, explosive and artificial rubber 
industries. Among the possibilities was 
the use of the very powerful hardener, 
boron. Its potentialities were but dimly 
appreciated in the early years of the war, 
and continuing investigations have been 
financed by various governmental agencies. 
Vetal Progress hopes to publish full sum- 
maries of all this work. As a start, this 
first installment is a summary of the knowl- 
edge existing as of late 1942, and consists 
of very full extracts of a “Report on Boron 
in Steel by the War Metallurgy Committee 
of the National Academy of Sciences”, 
written by Robert S. Archer, chairman of 
the Subcommittee on Boron in Steel, and 
at that time chief metallurgist of the 
Chicago District of Republic Steel Corp. 
The document's official designation is 
O.S.R.D. No. 973, Serial M-18. 














and use of boron-treated steels. It is not necessar- 
ily, however, an insuperable obstacle. It may be 
pointed out, for example, that the manufacture 
and use of steels made “fine grained” by ladle 
additions of aluminum was developed without 
much attempt to determine the amount or form 
of the aluminum retained in the steel; in this case, 
determination of the austenitic grain size devel- 
oped at a specified temperature proved sufficient 
for most practical purposes. 


Recovery From Scrap 


In the case just mentioned the problem was 
xreatly simplified by the known fact that any 
unoxidized aluminum in scrap, pig iron or ferro- 
alloys charged into the steel melting furnace is 
substantially eliminated during the melting proc- 
ess. If aluminum were retained, any regular 
production of “coarse grained” steels would now 
be almost impossible, and “fine grained” steels 
would often contain more aluminum than desired. 

(The elimination of aluminum from the raw 
materials charged into a steel refining furnace is, 
of course, due to its high affinity for oxygen, which 





causes it to be oxidized by air or by alm. . any 
other oxide present in the slag.) 

It seems that boron is not nearly so sting y 
reducing agent and that it is in fact rather easily 
reduced into steel from its own oxide. If boron js 
to be added in the ladle, it is desirable and jerhaps 
necessary to know how much boron, if any, js 
present in the steel as it is tapped into the ladle. 
Otherwise the final product is apt to contain either 
more or less boron than is desired, and if boron 
is recovered from scrap, then any large-scale use 
of boron would eventually make it impossible to 
produce boron-free steel except by using only vir- 
gin materials in the charge. 

There seems to be very little positive informa- 
tion regarding this question. This is partly due 
to the fact that much of the work on boron in stee] 
has been done on a small scale, involving induc- 
tion furnace heats or ingot mold additions, and 
partly to the general lack of means for the deter- 
mining of small amounts of boron. In the case of 
cast iron containing 0.059% boron, Mr. Tisdale of 
the Molybdenum Corp. of America states that 
about half of the contained boron is recovered on 
remelting in a cupola. Here, although the condi- 
tions are oxidizing to some extent, they are much 
less so than in an openhearth furnace, and there 
are larger amounts of carbon and silicon in the 
metal — which may protect the boron from oxida- 
tion. Furthermore, the small amount of slag 
present in cupola melting is more acid than in the 
basic steel melting processes. 

Inquiries among various steel producers who 
have experimented with boron have failed to dis- 
cover any real attempt to determine whether boron 
is recovered from scrap in the basic openhearth 
process. Two heats of S.A.E. 1045 were made in 
which substantial amounts of boron-treated scrap 
formed part of the charge. In neither heat did 
the resulting steel exhibit any abnormal harden- 
ability, which fact was taken to indicate that any 
boron recovered was not enough to affect this 
property appreciably. These two experiments are, 
of course, far from being adequate to answer the 
general question. The Molybdenum Corp. reports 
indications that boron is not recovered in steels 
containing up to 1.0% carbon. 

Summing up, the meager information indi- 
cates that there is a substantial recovery of boron 
on remelting cast iron scrap in a cupola, and no 
appreciable recovery of boron from boron-treated 
steel scrap in making steels of less than about 
0.50% carbon in a basic openhearth furnace. 
Appreciable recovery of boron might occur in 
making high carbon steels in the basic openhearth, 
or in acid melting, or in electric furnace melting 
with single slag practice. 
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Historical 


Most of the experimental work in this coun- 
sy on the use of small amounts of boron (0.001 
» 0.01%) in steel has been done within the last 
ew years, and much of it within the past year. 
this suggests that the effectiveness of such addi- 
jons Was previously unknown, but this is not true. 
One early disclosure is contained in U. S. Patent 
(519,388 filed August 13, 1921 and issued Decem- 
yr 16, 1924, to Richard Walter of Diisseldorf, 


Germany, from which the following is quoted: 


“Many attempts have been made to improve 
ron and steel and their alloys by adding boron 
thereto, but the results so far were not encouraging 
for the reason that the amount of boron used, gen- 
erally from 0.2 to 2%, is altogether too high and 
renders the product too hard and brittle; and of 
late the experiments with boron in this connection 
have practically been abandoned... . If a minimum 
f 0.007 up to a maximum of 0.01% of boron is 
udded to steel, it will produce a self hardening steel 
... CLarm 1: A carbon-bearing alloy, with iron as 
tbe predominant element, having incorporated 
therein a boron content within the limits of 0.001 
ind 0.1%.” 

It seems very likely that information such as 
‘that disclosed by Walter led to experiments in 
ome steel plants at about that time. If so, noth- 
ng seems to have come of it in the way of regular 
woduction of steels recognized as boron-treated. 

One of the causes of the comparatively recent 
resumption of interest in boron was the introduc- 
‘ion a few years ago by the Vanadium Corp. of 
\merica of a series of ferroalloys called “Grainal”. 
The original Grainal, later known as No. 1, had 
the following nominal composition: 10% Al, 15% 
li, 3% Si, 25% V. Experiments by various steel 
yroducers showed that the addition of about 4 Ib. 
yer ton of this alloy to certain steels (in the mold 
t ladle) increased hardenability to an extent 
hich might be called unexpected, in that the same 
results could not generally be obtained by the 
dition of mixtures containing equivalent 
mounts of the four elements listed above. Analy- 
is of various samples of Grainal disclosed boron 
ontents around 0.25%, and the Vanadium Corp. 
Mas stated that boron is present in No. 1 Grainal 
‘0 the extent of about 0.15 to 0.30%. Assuming a 
wron content of 0.25%, the addition of 4 lb. per 
‘on is equivalent to the addition of 0.01 Ib. of 
“ron per ton or 0.0005% of the weight of the 
‘eel. Whether or not the presence of this very 
mall amount of boron had anything to do with 
‘he effect of No. 1 Grainal, knowledge of its pres- 
‘tee at least had something to do with a resump- 
‘of interest in boron. 


The Molybdenum Corp. of America put on the 
market a ferroboron containing 11% boron, and 
recommended the addition of an amount equiva- 
lent to about 0.003% boron in the steel. 

The Electro Metallurgical Corp. which had on 
the market two complex ferroalloys of the deoxi- 
dizing type known as Silvaz and Silcaz, also 
brought out modifications of these alloys contain- 
ing 0.5°% boron, stating that the incorporation of 
boron was for the purpose of increasing harden- 
ability. The initial recommendation was to add 
4 Ib. of ferroalloy per ton of steel in the mold or 
7 lb. in the ladle. These additions are equivalent 
to 0.001 and 0.00175% boron respectively. It is 
now reported by one steel producer that the addi- 
tion of 4 lb. per ton in the ladle is effective in a 
certain grade of strongly deoxidized steel. 

Another cause of the current interest is that 
hardenability is now much more generally recog- 
nized than formerly as a basic criterion in the 
selection of steels which are to be used in the heat 
treated condition. Along with this recognition 
have come a clearer conception of what harden- 
ability means, and a considerable degree of stand- 
ardization of testing procedure. 

Within the past year or two in particular, 
actual or threatened shortages of the strategic 
alloys have greatly increased the interest in boron 
or any other readily available material which 
offers promise of conserving the older conven- 
tional alloys. 

These very brief and far from exhaustive 
historical notes are intended to assist in obtaining 
a perspective of the present state of the art. 


Hardenability 


The term “hardenability” has been used 
somewhat loosely in describing the ability of steel 
to harden on quenching from above the critical 
temperature range. The intensity of hardening or 
degree of hardness attainable is determined by the 
carbon content of the steel, in the case of the plain 
carbon and common alloy grades. The ease of 
attaining this maximum or martensitic hardness 
is affected by the carbon content but is also 
greatly affected by the presence of the various 
alloy elements, such as manganese, chromium and 
molybdenum. Such elements, including carbon 
itself, decrease the cooling rate necessary to fully 
harden the steel. Thus it is necessary to use 
higher alloy content when it is desired to quench 
a piece of given size in oil instead of water, or 
when the size of the section to be quenched is 
increased. 

As is well known, a measure of hardenability 
is had by the standardized Jominy or end-quench 
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lest, now widely used by the American industry.* Assume that a heat of basic openhe.th steg) qr 
Next to the composition of the austenite, the is deoxidized with silicon and aluminur, jp such rot t 
most important factor known to affect hardenabil- a way that the McQuaid-Ehn grain sj,, would emp 
ity is the grain size of that austenite at the time normally be fine, and that boron alone js added 
of quenching. When quenching is not quite rapid in amounts from about 0.002 to 0.010 Agree. ster 
enough to prevent transformation to products ment is almost universal that there will be some ‘ylon 
softer than martensite, such transformation tends coarsening of the grain. Some report « gradyal at the 
to begin at grain boundaries and progress through- and rather uniform coarsening amounting to one orete 
out the grains. A fine-grained structure (A.S.T.M. or two “frames” or grain size numbers; that js, jf WeQu 
grain size No. 5 to 8) presents more boundary sur- an average grain size of 6 was expected without - whet! 
face for nucleation than a coarse-grained structure the boron addition, the average grain size after prodt 
(A.S.T.M. grain size No. 1 to 5), and shorter dis- the boron addition would be 4 or 5. Others report there! 
. tances for propagation. The fine-grained steel is, that instead of a uniform coarsening, the effect of mal 
therefore, more readily transformed to the softer the boron addition is often “duplexing” or the nodil 
products, such as pearlite, and thus has _ less occurrence of mixed grain sizes such as 2 to 7 onsu 
hardenability. These coarsening effects are especially noticeab), 1 
| in the core of the McQuaid-Ehn specimen, and be a 
| Effect of Boron on Coarsening often are not noticeable in the hypereutecioid zon believ 
of the carburized case. At the lower temperatures alloys 
The addition of boron to steel tends to lower commonly used in commercial hardening, such as night 
the grain-coarsening temperature of the austenite 1550° F., these same boron-treated steels usually 
and thus increase the grain size established by exhibit fine grain, that is, 5 to 8, but frequenth 
heating for a given time at a given temperature. not so fine as that of similar steels without th 
| addition of boron. T 
Example: Heat A; S.A.E. 1045 It is to be noted that the above statements subst 
Ladle addition of aluminum sufficient for fine grain. Boron refer to the effect of the addition of boron steels. 
added in two ingot molds in form of 11% ferroboron. alone. The statements are so qualified because wustel 
McQuaiw-EHN QUENCH it may be possible to overcome the coarsening raised 
INGOT Boron GRAIN SIZE GRAIN SIZE effect of boron by other additions. When boron ability 
No. ADDED - Core 40 Min. AT 1525° is added in the form of the various comple. There 
16 None 7 9 ferroalloys it is not necessary to add so much not th 
1 0.0016% Not rated 8 boron. In addition, these alloys contain other 1 
13 0.0032 5to7 7 ‘ ise ae , . 
grain-refining agents, such as titanium, Zir- well 
conium or vanadium. In general, these con- increa 
Rnanpie: Heat Bi; SAE. 0068 plex alloys produce fine grain when added in well a 
Ladle addition of aluminum for fine grain. Boron the amounts recommended by their manufae- ferenc 
added in three ingot molds as 11% ferroboron. tomers te well Geenbilonl seine 9 
McQualp- It is of interest that for years large narke 
Incor Bonon EHN ' QUENCH Grain SIZE amounts of ferrovanadium have been used additi 
No. ADDED Core 1460° 1525° 1600° 1750° a , , ; 
‘ : which contained about 0.2% boron. Vanadium 3. 
15 None 5 to 6 7 7 6 6 , ‘ : 
13 0.003% 1to5 6 6 2to5 2to5 content was about 38% or approximately 200 ture is 
14 0.0045 lto4 7 5 2to5 2tod times the boron content. Addition of 0.20° than i 
16 0.0075 0to4 6 5 2to4 2to4 vanadium, as in the S.A.E. 6100 steels, would heat, 
thus add about 0.001% boron, and the 610 duced 
It is, of course, impossible to cite here enough series steels produced commercia!ly have neatl} tempe: 
specific examples to tell the whole story about always been fine grained. ‘reatec 
grain size, so conclusions will be given which are It is not established that the addition of extr A 
based on work done in various plants and research aluminum will overcome the grain coarsening effect 
laboratories. effect of boron; there are, in fact, indications tha! dumbe 
- *Hardenability is not the only criterion in the extra aluminum will not do so. steel, 
selection of steels for heat treated parts. Other prop- Rightly or wrongly, most steels to be hea! ‘oron 
erties are obviously involved, such as toughness, treated are now specified to be either coarse gram | 
machinability, high temperature strength, and the like. grained or fine-grained. Fine grain is most col boron 
It may be said, however, that while hardenability is monly called for, and the basis of acceptance is grades 
nota ficient riterion, 1 a least a necessary er MT we MeQuaid-Ehm test, There is howe fil ne 
not be used. If it does harden adequately, there is a recent tendency to accept steels on the basis 0 harder 
at least a possibility of successful use. grain size established by heating at 50° above the few ex 
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mal hardening temperature, if the steels are 
wt to be quenched directly from the carburizing 
emperature. 

Some steel producers may know how to con- 
ystently produce steels treated with enough boron 
lone” to increase hardenability substantially and 
ithe same time meet specifications, rigidly inter- 
weted, calling for fine grain as judged by the 
VeQuaid-Ehn test. It is at least questionable 


‘shether this knowledge is general among all steel 


yoducers. The effective use of boron alone may 
therefore require either further development work 
na plant scale in some of the steel mills, or some 
nodification of acceptance standards by certain 
consumers. 

This matter of grain size should not prove to 
ve a serious obstacle, and the problem is not 
ielieved to be involved at all when the complex 
loys are used, except rarely when a consumer 
night ask for coarse-grained steel. 


Effect of Boron on Hardenability 


There is no doubt that the addition of boron 
ubstantially increases the hardenability of many 
steels. Since boron also frequently coarsens the 
ustenite grains, the question may properly be 
raised Whether the observed increases in harden- 
ibility are not due entirely to the grain coarsening. 
lhere seems to be enough evidence that this is 
not the case: 

1. The effect of grain size on hardenability is 
vell known from experience. The maximum 
ncrease in hardenability from boron additions is 
well above that to be expected from observed dif- 
erences in grain size. 

2. In some experiments there have been 
uarked increases in hardenability from boron 
idditions without coarsening of the grain. 

3. When the grain size at a given tempera- 
lure is coarser in steel from a boron-treated ingot 
than in steel from an untreated ingot of the same 
teat, substantially equal grain size can be pro- 
duced by heating the untreated steel to a higher 
mperature. The hardenability of the boron- 
‘reated steel will then still be the greater. 

A complete and quantitative study of the 
lect of boron on hardenability would involve vast 
wmbers of tests on all of the common grades of 
‘eel, invelving additions of varying amounts of 
“ron under various conditions. No such pro- 
am is near completion. It is quite possible that 
soron cannot be used effectively at all in some 
stades of steel. Enough tests have been made, 
lowever, to show that substantially increased 
lardenability can be obtained in many grades; 2 
*Wexamples will be cited for illustration. 


The first example is the same Heat A of basic 
openhearth, fine-grained 1045 mentioned above. 
Its complete analysis is 0.48% C, 0.79% Mn, 
0.019% P, 0.028% S, 0.23% Si, 0.15% Cu, 0.12% 
Ni, and 0.07% Cr. 

Additions were made in various ingot molds 
as follows: 


InGotT No. MATERIAL ApbeEp EQUIVALENT TO 

16 —— ttt Cy icin ae 

9 11% ferroboron 0.0004% B 
10 11% ferroboron 0.0008% B 
11 11% ferroboron 0.0016% B 
12 11% ferroboron 0.0024% B 
13 11% ferroboron 0.0032% B 
14 {No. 1 Grainal 2 Ib. per ton 
15 ) (V-bearing) 4 Ib. per ton 
17 85% ferrosilicon 0.20% Si 

18 Low C ferrochromium 0.25% Cr 
20 Ferrovanadium 0.05% V 


Jominy hardenability tests were run on sam- 
ples from middle billets, and as-quenched grain 
sizes were determined by examination of the air- 
cooled ends of the Jominy specimens. 

Jominy test results are often expressed in 
abbreviated form by merely recording the distance 
from the water-cooled end to which a certain spec- 
ified hardness is maintained. For medium carbon 
steels this specified hardness is often Rockwell 
C-50. In the following table the figures under the 
heading “H”. are the distances from the water- 
cooled end measured in sixteenths of an inch (a 
common practice) at which the hardness has just 
fallen to C-50: A larger value for “H” corresponds 
to greater hardenability. 


Jominy Test — 1600° F. 


INGoT No. ADDITION “I GRAIN Siz 
16 Nove 2.4 i) 

9 0.0004 B 2.7 i) 
10 0.0008 B 3.0 8to¥ 
11 0.0016 B 3.1 8to9 
12 0.0024 B 3.2 8 
13 0.0032 B 3.5 7 
14 2 lb. Grainal 4.5 7to8 
15 4 lb. Grainal 6.3 9 
17 0.20 Si 2.8 8 
18 0.25 Cr 3.4 7to8 
20 0.05 V 3.2 8to9 


In this experiment hardenability continued to 
increase with boron up to the maximum amount 
added which was 0.0032%. Still greater harden- 
ability was obtained with No. 1 Grainal containing 
some vanadium. This is in agreement with many 
other results which show that the hardenability 
obtainable with boron alone is not so great as that 
obtainable with the complex ferroalloys containing 
both boron and vanadium. 

The hardenability increase obtained with 
0.0032% boron in the above experiment is not 
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quite the maximum obtainable with boron alone, 
as shown in the following example from Heat B 
(already mentioned). It also was a basic open- 
hearth heat of fine-grained 1045. Its complete 
analysis was 0.47% C, 0.86% Mn, 0.020% P, 
0.032% S, 0.21% Si, 0.13% Cu, 0.11% Ni and 
0.04% Cr. Boron was added in certain molds as 
11%, ferroboron. “H” distances and grain sizes are: 
a —JomiIny Tests ———————, 

INGOT 1460° 1525° 1600° 1750° 
No. Appition H G.S. HGS. H GS. H GS. 
15 None 2.2 7 7 24 G 2.5 6 
13 0.0032B 2.3 6 6 3.1 2/5 4.3 2/5 
14 0.0048B 3.2 7 5 53 2/5 5.8 2/5 
16 0.0080B 3.4 6 5 5.0 2/4 5.3 2/4 


o> & 00 00 
ming tv 


In this example the highest hardenability 
values are accompanied by grain coarsening. 
Grossmann* has published the results of experi- 
ments showing the effect of 
boron on the hardenability 
of steels containing about 
0.62% carbon and 0.90% 
manganese. Maximum hard- 
enability was obtained with 
mold additions of 0.0025% 
boron, and slightly less hard- 
enability was obtained with 
larger additions. 

General experience is to 
the effect that hardenability 
increases with the amount of 
boron added until a maxi- 
mum value is reached, after 
which larger additions cause either little change 
in hardenability or a slight decrease. 

Various investigators have arrived at different 
values for the amount of boron which must be 
added to produce maximum hardenability. There 
is evidence from various sources that this most 
effective amount varies greatly with the state of 
deoxidation of the steel. A poorly deoxidized steel 
may require as much as 0.0075% boron while an 
addition of 0.001 to 0.0015% may suffice for a 
strongly deoxidized steel. It appears that this may 
constitute one of the most important considera- 
tions in the development of a uniformly successful 
practice. The effect of state of oxidation probably 
accounts largely for the observation that the opti- 
mum addition of boron for a large openhearth heat 
may differ materially from the optimum addition 
for a small induction furnace heat. 





*“Hardenability Calculations From Chemical Com- 
position”, M. A. Grossmann, Metals Technology, 
A.I.M.E., June 1942 (Transactions, A.1.M.E., Vol. 150). 

+Some investigators believe that nitrogen content 
must be controlled and at a minimum if uniform 
results are to be achieved with boron additions. 
Eprtor’s Nore. 





Alloy Conservation 


Grossmann has given a method for « mating 
the contribution to hardenability of an\ amoyn 
of the common alloy elements, including boron 
His results indicate that the maximum diamete; 
of a round bar which can just be hardened clea; 
through (as judged by fracture or etch) jg 
increased 1.48 times by the addition of the mos 
effective amount of boron. However, it is no; 
possible to slate that a given amount of one 
alloy element is equivalent to some other definite 
amount of another alloy element, because the 
effect of a given addition of any element decreases 
as the amount of that element already in the stee! 
increases. In the present state of the art (1942 
the certainty of obtaining the anticipated results 
is greater for the commonly 
used alloying elements than 
for boron. The _ possibk 
savings indicated should. 
therefore, be discounted 
somewhat. It would be fairh 
conservative to say that it 
should be possible to reduce 
manganese by about 20 t 
25 points in steels normally 
containing 0.70 to 1.00 
manganese, or that equiva- 
lent reductions could he 
made in other alloys, insofa: 
as the attainment of harden- 
ability is concerned. While it is impossible t 
predict at this time the total savings of strategu 
alloys through the use of boron, it should be sufli- 
cient to say that the prospective savings are sub- 
stantial and important. 

These conclusions refer to the savings tha! 
may be realized by the use of boron alone. It !s 
quite possible that still greater savings may be 
realized by the use of a complex alloy containing 
other important ingredients in addition to boron 


“Fading” of Boron Effect 


When boron is added to the ladle, the ellec! 
as measured by hardenability tends to decreas 
or “fade” toward the last ingot poured. This has 
been observed, for example, in 1035 steel with 
ladle additions of 0.002 and 0.0025%, and in 104) 
steel with an addition of 0.002% boron. ‘The firs 
ingots poured showed distinctly increased harde™ 
ability while the last ingots poured had values ® 


low or nearly as low as those of the same grade 
of steel without any addition of boron. This 
vradual 


change during pouring may be due to a 
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yss of boron, or to a change in form (such as 
oxidation). It is well known that there is fre- 
quently a loss of the strongly deoxidizing elements, 
such as Silicon and aluminum, toward the end of 
a heat, presumably because of the oxidizing action 
of the slag in the ladle. It will be recalled that 
the amount of boron that has to be added to obtain 
maximum hardenability increases as the steel 
becomes more highly oxidized. 

If hardenability were the only property of 
importance, it would apparently be a fairly simple 
matter to compensate for this fading effect by 
adding an excess of boron. For example, another 
heat of 1045 was made with 0.0075% boron added 
in the ladle, and samples from the first, middle 
and last ingots were quite uniform with respect to 
hardenability. Unfortunately, excessive amounts 
of boron have certain undesirable effects, includ- 
ing the promotion of brittleness and hot shortness. 

The fading effect is mentioned here because 
it constitutes a problem in steelmaking which 
requires consideration. Some mills have already 
developed practices for certain grades of steel 
which give sufficiently satisfactory results, using 
either ferroboron or one of the complex alloys. 


Effect of Boron on Physical Properties 


Yield Point and Tensile Strength —- Misleading 
data have been published which might lead some 
lo conclude that the tensile strength of certain 
steels can be greatly increased by the addition of 
boron or a ferroalloy containing boron. In most 
steels the tensile strength in psi. is approximately 
equal to 500 times the Brinell hardness number. 
Thus, a test bar heat treated to a uniform hard- 
ness throughout of 200 Brinell will have a tensile 
strength of about 100,000 psi., while at 400 Brinell 
the strength is about 200,000 psi., and so on. 

Suppose we heat treat, in the form of a %4-in. 
round bar, an ordinary 1040 steel of such harden- 
ability that the depth of hardening in a water 
quench is only 4% in. The outer % will have a 
Rockwell hardness of about C-60 after quenching 
and the structure will be martensitic, but the cen- 
(ral portion or core of the bar will be much softer 
and will have a structure consisting of troostite or 
sorbite (fine pearlites) and ferrite. If we temper 
the hardened bar at a fixed temperature or to a 
fixed surface hardness, machine to a 0.505-in. 
diameter specimen and test in tension, we will be 
testing only that part of the original *4-in. bar 
which did not harden in quenching. 

Next, suppose that boron or a special ferro- 
alloy was added to another ingot of the same heat. 
The hardenability might readily be increased 
‘hough so that a %4-in. bar will harden to a mar- 


tensitic structure throughout. Our 0.505-in. tensile 
specimen will then have properties characteristic 
of a uniform tempered martensite. With a given 
heat treatment we may thus obtain a_ tensile 
strength of say 140,000 psi. for the untreated steel 
and 240,000 psi. for the steel treated with boron 
or one of the special ferroalloys. 

If we had selected a %g-in. round for heat 
treatment, both steels would have hardened 
throughoul and would have had similar tensile 
properties. Likewise if we had selected a larger 
size, such as 1% in., both steels would have failed 
to harden near the center and both would have 
had similar but inferior tensile properties. 

Hot Shortness — It does not take much boron 
to make steel so hot short that it completely disin- 
tegrates in rolling. Apparently a fusible material 
is formed at the grain boundaries which causes the 
grains to separate from each other when hot work- 
ing is attempted. As in the case of hardenability, 
various reports do not agree exactly regarding the 
amount of boron required to produce hot short- 
ness. Molybdenum Corp. of America has recom- 
mended the addition of 0.003% boron for 
hardenability and stated that 0.006% is apt to 
cause hot shortness. Others have added up to 
0.01 and even 0.015, and rolled the steel into 
billets and bars without trouble. 

Even after being successfully rolled, however, 
steels with these higher boron additions have 
sometimes shown tendencies toward hot shortness 
in forging. Specifically, in drawing down a billet 
to a bar under a hammer, bursts have been 
observed on the end of the piece in the central part 
of the section. This is not known to have been 
observed with boron additions of 0.007° or less. 

Probably the type of steel to which boron is 
added has something to do with boron recovery 
and with the amount of boron than can be added 
without hot shortness. In fully killed steels, it 
seems that the boron addition should be kept 
below 0.007; the exact figure is not very impor- 
tant because the addition should be kept consid- 
erably lower in order to avoid brittleness. 

In general, it seems that hot shortness is not 
encountered until the boron addition exceeds 
about twice the amount required for the maximum 
increase in hardenability. It would, therefore, 
seem that forging difficulties need not be encoun- 
tered at all, but in actual practice it is probable 
that through error enough boron would occasion- 
ally be added to cause a heat of steel to be 
scrapped on account of hot shortness. This should 
not happen very often. It is to be noted that when 
one of the complex alloys is used, the boron addi- 
tion is usually under 0.002%, and therefore far 
below the amount that causes hot shortness. 
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A more serious matter is that a 
smaller excess of boron over the optimum amount 
causes brittleness. It would be fortunate if brit- 
tleness and subnormal ductility were encountered 
only in steel that is also hot short, since the hot 
working operation would then automatically reject 
steel lacking in toughness, but this is not the case. 

The greatest degree of brittleness in the boron- 
treated steels which can be hot rolled is found 
together with an intergranular network of a rather 
hard boron constituent whose exact nature is not 
(The Molybdenum Corp.’s reports indi- 
cate that the constituent is Fe.B-Fe,C.) Its occur- 
rence is favored by slow cooling from the rolling 
or forging temperature. If the steel is then heat 
treated at normal temperatures, the network 
remains and the steel has little toughness as 


Toughness 


known. 


measured by elongation and reduction of area, or 
by notched-bar (so-called “impact’’) tests. 
Experimentally, the formation of a network 
can sometimes be prevented in such material by 
cooling rapidly from the forging temperature. 
After heat treating at normal temperatures, the 
boron constituent may then be found in spheroid- 
ized form with no visible grain boundary lines. In 
this condition the steel is still decidedly lacking 
in toughness. Perhaps there are thin films of 


Photo courtesy Carnegie-Illinois Steel Corp. 








boron constituent at the boundaries whi 

escaped detection under the microscope. 
With a still smaller excess of added |joron 

and no boron constituent detected under the 


uave 


microscope, erratic values for ductility have been 
obtained. For example, when conditions are such 
that 16% elongation and 50% reduction of areg 
should be obtained, the values may be 11° and 
30%, respectively. Such subnormal values seem 
most likely to occur when the hardened steel} js 
tempered at temperatures below 900° F. 

When the amount of boron added is just 
barely enough for maximum hardenability, or is 
less than this amount, ductility and toughness are 
usually about normal for the tensile strength 
involved after proper heat treatment. Under cer- 
tain special conditions toughness values greater 
than usual have been obtained. 

In speaking of the optimum amount of added 
boron for maximum hardenability in the above 
discussion, reference is to steels with normal 
deoxidation for fine grain. In the medium carbon 
steels, such deoxidation would include the addition 
of about 0.15 to 0.30% silicon and 1 to 2 Ib. per ton 
of aluminum. Maximum hardenability might then 
be obtained with an addition of 0.003% boron, and 
erratic toughness with 0.004 or 0.005%. If the 
same steel were more strongly deoxidized, maxi- 
mum hardenability might be obtained with as lil- 
tle as 0.001% boron. 

Low ductility has not been reported for boron 
additions less than 0.003%, and when one of the 
complex ferroalloys is used in the amounts rec- 
ommended by the manufacturer, the addition ol 
boron is usually well under 0.002%. 

Hardness As-Rolled — It has been stated thal 
boron does not increase the hardness of steel in 
either the as-rolled or normalized condition. This 
is substantially true when steels of rather low 
hardenability are involved, such as 1045, and may 
prove to be a very favorable circumstance since 
superior hardening characteristics may be 
obtained without detriment to certain fabricating 
operations such as machining. If the steel to 
which the boron is added is one of initially higher 
hardenability (a 0.45% carbon alloy steel, for 
example), then boron may substantially increase 
the as-rolled or normalized hardness. 


Steelmaking Processes 


Unless otherwise stated, the discussion in this 
report refers only to steels made by the basic 
openhearth process. More than half of the alloy 
steel and nearly all of the carbon steel to be heat 
treated is so made. The only other process 
involved to an important extent is the basic elec- 
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ric arc furnace process. It seems that most of 
‘he experimental work on boron and the boron- 
ntaining ferroalloys has been done on basic 
penhearth steel, except for very small induction 
urnace heats. 

Various steel producers have made and put 
ato use for certain special applications full heats 
{steel made in a normal manner except for the 
dition of boron. Many heats have also been 
ysed which were treated with some one of the 
omplex alloys. There has not yet been — in 1942 

any widespread or general use in this country 
{ steels treated with boron. 

Ladle Versus Mold Addition — There has been 
99 serious thought of adding boron in the basic 
penhearth furnace, and it is believed that all 
additions have been made either in the ladle or in 
ngot molds during pouring. Mold additions have 
jeen favored in much of the experimental work 
because this method seems to offer comparisons 
between ingots which are substantially identical 
except for the addition of boron, and because the 
work can be done on part of the steel made in a 
normal manner in a large furnace without the risk 
{ losing an entire heat. 

In general, the results obtained by mold addi- 
ions seem to have checked fairly closely with 
those obtained by ladle additions. In_ several 
‘periments with mold additions, however, speci- 
mens from various parts of an ingot (top, middle 
and bottom for example) have given very dis- 
cordant results, indicating incomplete mixing. 
Other ingots have shown a high degree of uni- 
lormity. This is only to be expected; it is general 
experience that uniformity can be obtained by 
mold additions only when the addition is made 
properly and the amount of material added is not 
excessive. 

In the regular production of tonnage steel, 
wold additions of anything so effective as boron 
are undesirable for both producer and consumer. 
itis quite a problem to make sure that the correct 
amount of the specified material is added to each 
ingot and still more of a problem to make sure 
that the addition is properly made. Under the best 
circumstances, mold additions are apt to cause 
dirty steel with poor surface. 

To overcome the fading effect of boron toward 
the end of the heat, it has been proposed that (a) 
ill additions be made in the molds, or (b) com- 
pensating additions be made to the last few ingots 
f the heat. This would apply either to boron or 
‘0 one of the complex alloys. It is pointed out 
‘hat aluminum is commonly added to the last few 
‘ngots of fine-grained heats to make up for the loss 
of aluminum by oxidation and the consequent 
endency to revert to coarse grain. This practice 





is reasonably satisfactory, but it is to be noted 
that the amount of aluminum added is very small 
in comparison with the fotal addition of alumi- 
num, and also that the effect of a small excess of 
aluminum on the properties of the steel is not 
appreciable. 


The Specification Problem* 


In this country steels are specified, purchased, 
produced and distributed chiefly on the basis of 
chemical composition and, if they are to be heat 
treated, of grain size. It is true that such specifica- 
tions are sometimes supplemented by certain phys- 
ical requirements, such as hardenability or tensile 
properties, or even notched-bar impact properties, 
but the basis of the specification is still the chem- 
ical composition. Standardization and reduction 
in the number of types have been considered 
important objectives by the steel industry, and 
efforts in this direction have been based on chem- 
ical composition. 

Under these circumstances any general pro- 
duction of boron-treated steels raises a very defi- 
nite problem. How are such steels to be specified 
and on what basis are they to be inspected and 
accepted? In the first place, there is (as of 1942) 
no generally available method for determining or 
even detecting boron. Secondly, even if there were 
such a method, the determination of the total 
boron content of a steel might not suffice to decide 
whether the desired effect had been obtained.} It 
seems that the control of boron-treated steels must 
depend for the present largely upon tests for phys- 
ical properties, including especially hardenability 
and toughness. Toughness tests should probably 
include notched-bar impact tests at low tempera- 
turest at least until low temperature properties 
are well established. It also seems more important 
than usual to make sure that these properties are 
uniform as well as satisfactory throughout the 
entire heat or lot of steel under consideration. 

One of the problems already confronting the 

*Epitror’s Footnotes — The specifieation problem 
was discussed in detail by Henry T. Chandler in 
“Alloy Steel or Alloy-Treated Steel (?)”, Metal Prog- 
ress, Nov. 1945, p. 1104. 

+This doubt has been resolved by R. A. Grange 
and T. M. Garvey’s paper in @ Transactions (Vol. 37), 
entitled “Factors Affecting the Hardenability of Boron- 
Treated Steels”, in which it is stated that “in a given 
steel the increase in hardenability is roughly parallel 
to, but does not correlate well with, the percentage of 
boron as determined by chemical analysis of the steel”. 

tDefinite relationships between hardness (and 
the other room temperature tensile properties) and 
notched-bar Charpy impact at —40° F. to establish 
satisfactory toughness are given by Herres and Jones 
in Metal Progress last month, p. 462. 
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steel industry is that of the increasing content of 
residual alloys derived from circulating scrap. The 
amounts of these residuals vary widely from one 
mill to another, with the result that some of the 
more simple steels vary widely in properties 
according to the mill at which they are pro- 
duced. For example, let us consider a “plain 
carbon” forging steel specified to contain 0.35 to 
0.42% carbon and 0.60 to 0.80% manganese. As 
produced at one mill it may contain less than 
0.03% nickel, less than 0.03% chromium and less 
than 0.01° molybdenum. Steel ordered to the 
same chemical specification from another mill 
might contain 0.20% nickel, 0.12% chromium and 
0.05% molybdenum. The properties would obvi- 
ously be different. (If an additional element is 
specified at a value above the highest usual residual 

-sych as, say, 0.15 to 0.25 Mo —then one vari- 
able is removed; this becomes, of course, a dilfer- 
ent type of steel.) 

It will be noted that the prewar trend in the 
development of customers’ specifications has been 
in the direction of chemical ranges or limits even 
closer than those previously recognized as stand- 
ard. The intention was to provide adequate con- 
trol of hardenability through control of chemical 
composition alone, so that hardenability testing 
would not even be necessary. It may be necessary 
to reverse this trend and greatly widen the chem- 
ical ranges specified for the alloy elements and to 
permit adjustments within these widened ranges 
to meet desired ranges of hardenability.* This 
would be more feasible now than formerly, 
because of the more quantitative information now 
available regarding the specific contributions of 
the various elements to hardenability. Some such 
scheme might provide a framework in which 
boron could be used effectively. 


Summary 


1. Boron can readily be introduced by adding 
in the ingot molds or, preferably, the ladle (a) 
ferroboron, (b) one of a number of complex ferro- 
alloys containing boron together with one or more 
strong deoxidizers, or (c) borax mixed with a 
reducing agent. The use of a ferroalloy is more 
common than the use of borax. 

2. The hardenability of steel is markedly 
increased by the addition of boron. The amount 
that must be added to produce the maximum 
increase in hardenability is usually from 0.001 to 
0.005% of the weight of the steel. 

3. Plenty of boron is available in the United 


*This seems to be the trend with the recent “H” 
steels, where the hardenability is specified along with 
a somewhat liberalized range in chemistry — Epiror. 





States in the form of borax and othe: 


rates 

4. There is no generally available me: |\.q 

the determination in steel of the small 4: jounts 

of boron under consideration, although resy)|ts 95 

some accuracy seem to have been obtaine jn y 

few laboratories by spectroscopic methods. — This 
statement was correct in 1942. 

5. There is not sufficient evidence {., state 


whether boron is recovered from boron-treated 
steel scrap on remelting. Some boron is recovered 
on remelting boron-treated cast iron scrap in , 
cupola. Indications are that no appreciable amount 
of boron is recovered in making steels containing 
less than 0.50°% carbon by the basic openhearth 
process, but that appreciable recovery might ocew 
in making high carbon steels, or in acid melting 
processes or in electric are furnace melting. 

6. Because of the difficulty of analysis, th 
amounts of boron actually present in boron-treated 
steels are not exactly known. Indications are that 
recovery is quite high when additions are made to 
well deoxidized steel. 

7. The amount of boron that must be added 
to produce maximum hardenability is less th 
more strongly the steel is deoxidized. 

8. The effect of boron added in the ladk 
tends to fade out or diminish toward the end (last 
ingot) of the heat, but it is believed that this diffi- 
culty can be satisfactorily overcome. 

9. Mold additions are apt to result in lack o! 
uniformity, dirty steel and poor surface, and are 
undesirable except for experimental purposes. 

10. Addition of too much boron to steel results 
first in moderately low ductility and toughness, 
then in real brittleness, and finally in complete ho! 
shortness. 

11. In plain carbon steels containing 0.40 | 
0.609% carbon and 0.70 to 1.00% manganese, th 
hardenability increase obtainable from boron | 
equivalent to that obtainable from about 0.20 to 
0.45% additional manganese. The corresponding 
savings in added manganese amount to about 9.3 
and 12.0 lb. of Mn per ton of ingots, respectively. 
Potential savings of other strategic alloys, such as 
chromium and molybdenum, caa be judged 
approximately from known relationships. 

12. Most laboratories are not at present able 
to determine the amount of boron in steel, and 
even though an accurate determination were made. 
the boron content without supplementary inlorma- 
tion probably would not suffice to assure that the 
desired results had been obtained. There 5 
therefore, a somewhat unusual probiem in setting 
up specifications and tests for acceptance of boron- 
treated steels. For the present it appears thal 
reliance would have to be on physical tests, espe 
cially for hardenability and toughness. = 
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Development in 


Aircraft Engine 


\ HEN one observes the differences between a 
modern radial air-cooled (or in-line liquid-cooled) 
engine and the old Liberty engine, he is conscious 
of a tremendous development. 

Mechanical engineers who specialize in air- 
craft engines would be quick to admit that this 
improvement in their field would not have been 
possible without the metallurgical developments 
since World War I. Not many people, however, 
seem to realize that the basic improvements in 
metallurgical processes or materials make possible 
the really great forward steps in mechanical engi- 
neering. It is intended in this, the Detroit Chap- 
ler’s third annual William Park Woodside lecture, 
lo discuss briefly some of these basic improve- 
ments. Some of them, such as sintered carbides, 
induction heating, and chromium plate, are so well 
known that it seems rather startling to realize 
that they were not available in the last war. Other 
developments, such as the S-curve of Bain and 
\born, and hardenability conceptions, affect air- 
craft engine materials only in a general way. 

If we scan the materials in aircraft engines 
of World War I and compare them with those 
used in World War II we find many newcomers. 
These are magnesium, sodium, silver, lead plate, 
indium plate, beryllium, stainless steel, colum- 
bium, titanium, selenium, chromium plate, sintered 
bushings, sintered carbides, molybdenum high 
speed steel, nitralloy, forged aluminum, heat 


Metallurgy, 1920-46 


October, 1946; Page 687 


By Walter E. Jominy 
Staff Engineer 
Chrysler Corp., Detroit 


treated aluminum castings, and 
high temperature alloys. 

Important new processes or 
tests developed in the interval of 
peace are nitriding, grain size 
control, S-curves, hardenability 
testing, induction hardening, 
magnaflux testing, furnace 
atmosphere control, hydrogen 
brazing, Rockwell hardness test- 
ing, shot blasting, and quantita- 
tive spectrography. Let us 
describe a few of these as fully 
as time will permit. 


Vagnesium 





Of the many recent metal- 
lurgical developments, magne- 
sium has attracted much 
attention. It is used in the form 
of strip, sheet, bars, forgings, 

and castings, but seldom without other metals 

being added in relatively small percentages to 
improve the properties and usability of the alloy. 

With specific gravity of about 1.80, magnesium is 

the lightest structural metal commercially used, 

and has helped engineers greatly in reducing the 
weight-power ratio of aircraft engines. 

Although there are certain necessary precau- 
tions in making magnesium castings, such as pre- 
vention of fire by suitable fluxes during melting 
and casting, and by careful control of the solution 
treatment temperature and by the addition of 
sulphur dioxide to the furnace atmosphere, mag- 
nesium has proved itself a commercial material. 
Its cost is low enough for aircraft applications. 
One of the important items of cost is the large 
number and size of risers, gates, and sprues neces- 
sary to insure castings of aircraft quality -—com- 
monly three times the casting weight. Rapid 
strides were being made toward the end of the 
war in learning how to reduce this surplus weight 
of metal. 

An item of importance in considering cost is 
the easy machinability of magnesium castings. 
Where a large amount of machining with good 
finish is required, the cost of the finished magne- 
sium part may compare favorably with aluminum 
Physical properties of magnesium and common 
aluminum sand castings compare satisfactorily 
with the common aluminum sand castings. 






































The question often asked by the designer ol 
today is, “What are the requirements which call 
for aluminum and what are those which call for 
magnesium?” If costs are considered secondary 
to performance, as in aircraft engines, magnesium 
castings properly protected against corrosion will 
be used. There may be a few instances where 
such special properties as thermal conductivity, 
electrical resistivity, coefficient of expansion, radio 
interference, resistance to scoring, resistance to 
wear, and modulus of elasticity may call for the 
one metal rather than the other. For peacetime 
activities, magnesium should have a field where 
the additional lightness compensates for additional 
costs, as in castings for vacuum cleaners, outboard 
motors, and similar portable items. 


Silver 


Aside from an extensive use of silver brazes, 
to be mentioned under another heading, the impor- 
tant application of silver in aircraft engines is in 
the main bearings. 

One of the chief difficulties experienced with 
the old Liberty engine was with connecting rods 
and main bearings. Bearings were made of tin- 
base babbitt on bronze backs; they caused many 
engine rejections by failure to last 50 hr. in the 
test stand. The use of silver plating on steel 
backs has permitted much higher load concentra- 
tions and speeds. Whereas 1200 psi. is considered 
the limiting safe load for babbitt at speeds used 
in automotive applications, 5000 psi. (even 6000 
psi., temporarily) can be used on silver, plated 
with lead and indium. 

Silver has a much higher strength at moder- 
ately high temperatures than babbitt and, of 
course, has excellent heat conductivity. Its cor- 
rosion resistance is excellent. It also has good 
wear resistance. In order to improve the scoring 
resistance, which is of importance in the run-in 
period, it is aircraft policy to plate somewhere 
between 0.0002 and 0.0006 in. of lead on the sil- 
ver; following this, to make the lead resistant to 
corrosion, a small quantity of indium is plated 
on the lead (about 4% of the quantity of lead). 
The indium is then diffused into the lead by heat- 
ing in oil at 450° F. Thickness of silver plate in 
the finished bearing is usually in the neighbor- 
hood of 0.005 to 0.010 in.; for some applications it 
is as high as 0.016 to 0.024 in. 

When silver is plated on steel for bearing pur- 
poses a flash of copper or nickel is first plated on 
the steel backing. If a copper flash is used, the 
subsequent silver plate is annealed at about 450° 
F.; if nickel is flashed on the steel the part is 


. 


annealed at 950° F. in a nonoxidizing atmosphere 





or in fused salt. Unless a good bond ha, heen 
obtained, the silver will blister. The most \ vere 
test for blisters can be obtained by heating . {ter 
finish machining — if distortion can be avoided. 
(Perhaps it would be well to mention tht an 
important advance in the art of making bearings 
was through the use of a steel backing majeria| 
in the place of bronze, which was used in the last 
war. Because of its high modulus of elasticity. 
steel permitted less movement of the babbitt, and 
consequently lower stress and fewer fatigue fail- 
ures. Since common failures of bearings are from 
fatigue of the soft bearing material, steel backing 
has greatly increased the life of the bearing.) 


Stainless Steel 


Stainless steel is used in the modern aircraft 
engine in many applications such as screens, fuel 
lines, injection fuel adapters, fittings, lockwire, 
and miscellaneous tubing which cannot be con- 
veniently rustproofed on the inside. 

The most common variety is the austenitic 
18-8 (chromium-nickel) steel. If the parts made 
from it were to be heated to 1000° F. or above, 
“stabilized” stainless was used rather than the 
standard alloy. Stabilizing alloy was either colum- 
bium or titanium. 

One of the common uses for stabilized stain- 
less was for parts to be silver brazed. (A silver 
brazing alloy commonly used contained about 00° 
silver, 15° copper, 16% zine, and 18% cadmium. 
This made a satisfactory joint, stainless steel to 
stainless steel. Thousands of feet of tubing were 
also brazed to fixtures with good success. 

Since it appeared to be more difficult to make 
clean tubing (with seams) of columbium-stabilized 
alloy, this greater difficulty plus the additional 
cost of columbium increased the price of small 
tubing to about 25% higher than if it were made 
of plain 18-8 material. 

The metal selenium was also used in stainless 
steel to increase its machinability. The amounl 
added ranged from 0.10 to 0.35%; frequently the 
phosphorus was also increased to apout 0.10 to 
0.17% for the same purpose. Wherever these 
free-machining types can be tolerated there is no 
question but that a very great advantage is 
obtained in their machinability. 


Chromium Plate 


Chromium plating is perhaps too common te 
discuss as 4 new development. One of the applica- 
tions in aircraft engines is in holes in which 
inserted pins oscillate or move slightly. Plating 
reduces wear and also eliminates frettage. 
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“Porous” chromium plating also has been 
ysed in the top piston ring — porous, so it will 
be wetted by a scant supply of oil. Definite 
increase in the life of piston rings has been dem- 
mstrated with the porous type of chromium plate. 
{bout 0.005 in. thickness is common practice. 


Sintered Bushings 


Sintered bushings, commonly called “Oilite”, 
made from powdered copper-tin, are quite well 
known today by automotive engineers. It was 
found possible to replace many cast copper-lead 
bushings with sintered copper-tin in aircraft 
engines. 

The cast bushings contained lead in the 
neighborhood of 25% and tin about 5%. While 
they have good bearing properties they became 
rather difficult to purchase because so few vendors 
were capable of meeting our specifications. When 
attempts were made to make them in large quanti- 
ties, it appeared that the segregation of the lead 
became a major problem. Just how large the lead 
particles could be in any given bushing was not 
known and we were more or less forced to rely on 
the generality that the lead “should be well dis- 
persed”. There was a good deal of pressure to 
find substitutes and in many applications it was 
found that the sintered copper-base bushing per- 
formed equally well. The latter has the advantage 
that it can often be pressed into the size desired, 
and requires very little machining. 

It is a good precaution to avoid grinding a 
sintered copper bushing, to eliminate any emery 
getting into the pores of the bushing. 


Forged Aluminum 


Forged aluminum has come to be a useful 
material during World War II. By proper heat 
treating tensile properties of 65,000 psi., elongation 
of 10%, and hardness of about 140 Brinell 
1000-kg. load) could be obtained. 





One of the common uses for aluminum forg- 
ings was the piston. It had a combination of 
lightness, strength, resistance to scoring and wear, 
impossible to obtain in any other material. This 
piston alloy (which contained about 2% Cu, 2% 
Ni, and 0.70% Mg) was forged at about 850° F. 
Its heat treatment was: Solution treat at approxi- 
mately 950° F. for 6 hr., quench in boiling water, 
and age at around 340° F. for from 8 to 10 hr., 
according to requirements. After rough machining 


* 


the pistons were aged 5 hr. at 450° F. 


Nitralloy 


Use of nitralloy steel is quite common in 
aircraft engines when high hardness is required on 
the surface and, in‘addjtion, distortion of the part 
during heat treatment would prevent it from being 
carburized and hardened. One of the commonest 
applications is in gears of intricate design. 

The usual composition is the “135 modified”, 
which contains 0.95 to 1.35% aluminum, 1.40 to 
1.80% chromium, 0.30 to 0.455 molybdenum, and 
0.38 to 0.45% carbon. (A small amount of 
“nitralloy-N” was also used, which contained 
3.50% Ni, about 1.10% Cr, 1.25% Al, 0.25% Mo 
and 0.25% C, and which age hardens at the nitrid- 
ing temperature to about 400 Brinell.) 

One of the difficulties encountered with 
nitralloy steel is the “white layer”, which must be 
removed if high surface loads are to be endured. 
To remove this white layer it is a common 
requirement to grind from 0.001 to 0.003 in. after 
nitriding. Many shops found this requirement 
difficult; there was a tendency either to lap the 
part and take off merely 0.0001 in. or else to grind 
off too much. As is well known, the desirable 
high hardness of nitralloy steel is relatively shal- 
low, so that grinding 0.008 to 0.010 in. will fre- 
quently reduce the hardness to the point where 
wear resistance is poor. Unless very carefully 
designed fixtures and accurate locating points are 
used, it is quite easy to grind too deeply, and much 
scrap and many poor quality parts have been 
produced from this cause. 

Failure to remove the white layer is often 
responsible for flaking or spalling during engine 
performance. Anyone using nitralloy steel should 
be warned of this condition, since parts may be 
ruined during grinding, although metallurgically 
the steel and heat treatment are highly satisfac- 
tory. The nitriding process, in fact, seems to be 
almost trouble-free. A relatively wide range of 
dissociation of ammonia will give highly satis- 
factory results; case depths are very uniform and 
easily duplicated. One precaution is necessary: 
Before any parts are nitrided the furnace must be 
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saturated so the fixtures do not take up nitrogen 
and thus rob this gas from the parts being treated. 

Nitriding is also applied to steels other than 
those developed for nitriding. It has been used 
with good success to stop scoring on parts made 
of S.A.E. 1137 steel. In this practice, 5 hr. at 
970° F. gives a very definite skin hardness. 

S.A.E. 4300 steels have also been nitrided to 
increase resistance to fatigue. The nitrided hard- 
ness is in the neighborhood of 550 to 600 Vickers 
and an increase of fatigue strength of about 25% 
can be obtained by this means. 

Another steel which is nitrided in production 
is a high molybdenum steel used in crankshafts 
in some of the in-line engines. This steel contains 
0.30 to 0.35% carbon, 0.70 to 0.90% manganese, 
0.50 to 0.€0% nickel, 0.90 to 1.20% chromium and 
0.90 to 1.10% molybdenum. 


New Processes 


So far as the new processes which have been 
developed since the last war are concerned, they 
are so well known that it seems unnecessary to 
discuss them here except to give their latest devel- 
opments as applied in aircraft engine metallurgy. 

Grain Size Control-—It is common aircraft 
practice to call for fine-grained steel, but to accept 
a few grains as large as No. 3. 

The question often arises as to why we should 
be concerned with the grain size of medium car- 
bon, oil hardened steel which is not heated beyond 
1500° F. in the hardening process. One answer 
to this is that a large grain size might affect the 
normalizing cycle. Furthermore, fine grain does 
indicate a somewhat different treatment of the 
steel at the mills. Whether the effects of such a 
treatment are deleterious has never been demon- 
strated, so far as I know, but there is a strong 
feeling in favor of fine-grained steel among metal- 
lurgists. 

Hardenability Testing At least 14 of the 
most recent A.M.S. aircraft specifications, as devel- 
oped by the S.A.E., now include hardenability as 
measured with the end-cooled bar. An example of 
the application of hardenability testing may be 
quoted in connection with the crankcases made at 
Dodge-Chicago plant. A.M.S. 6382 (which is S.A.E. 
4140 steel) was specified for the crankcase forging, 
weighing about 300 Ib. Before too many heats of 
this steel were forged we found one which would 
not harden properly when quenched in oil. Hard- 
enability bars were cut from these crankcases and 
were C-50 hard only for a distance of 5/16 in. 
Hardenability bars were then made from some of 
the heats which hardened properly, and_ they 
hardened to C-50 for 10/16 in. As a result we 


promptly changed our specification to rec: ire a 
minimum of Rockwell C-50 at 12/16 in. on t). eng. 
cooled bar. It was necessary to permit the stee| 
producers to run over the specification limi(.tions 
in manganese, chromium, and molybdenum ip 
order to guarantee this hardenability. Heats 
received thereafter averaged well to the top side 
of the specification, but no further trouble was 
encountered in hardening crankcases as long as 
minimum of C-50 at %4 in. was maintained. 

It might be worth noting that somewhat lower 
hardenability readings were obtained when bars 
were machined from the 9-in. steel billets (as was 
convenient in our laboratory) rather than when 
they were first forged to 1%4-in. round, in accord- 
ance with the S.A.E. specification for hardenability, 
Our test bar was cut with axis half way between 
the center and surface of the 9-in. square billets, 
and from billets which were rolled from the bot- 
tom of the ingot (since the bottom of the ingot 
generally has the lowest hardenability). The steel 
producers made their test bars by forging, and we 
seemed to get as low as 9/16 in. on steel heats for 
which they reported the deeper hardenability of 
12/16 in. This difference is worth noting for those 
who expect to purchase steel on hardenability 
specifications. 

Magnafiux testing was very extensively used 
during World War II. Thousands of parts have 
been scrapped because of magnaflux indications, 
and much time has been spent in attempting to 
determine whether certain indications could be 
tolerated and what indications warranted scrap- 
ping the piece. 

In general, indications in sharp corners, fillets, 
at the base of threads, and any indications that 
are transverse to the grain flow were usually 
looked upon as unsatisfactory. Indications of 
flaws which did not come to the surface were 
practically always acceptable unless they occurred 
in sharp corners or fillets. If the indications come 
to the surface the guiding consideration is their 
severity or the apparent size of the inclusion. Any 
kind of a crack, even though it was a grinding 
crack, has commonly been the cause of rejection 
in aircraft parts. It has been found, however, thal 
thousands of parts have magnaflux indications 
which do not affect their usability. It has been 4 
rather common practice to run parts with ques- 
tionable indications in model test engines, and 
observe whether there is any tendency for failure 
under test conditions. 

A difficulty which was occasionally exper'- 
enced was through the erroneous requirement of 
magnaflux on high sulphur, free-machining steel. 


. Obviously such steel always has bad magnaflux 


indications. 6 
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IT TAKES MORE THAN MUSCLE 


according to legend, Polydamas, the Greek athlete, Today, sudden, heavy loads end the life of many 
yilled a lion with his bare hands, stopped a chariot steel parts. Low temperatures, for instance, canhave 
a full flight, and lifted a raging bull off the ground a depressing effect on the impact strength of steels. 


with ease. His career, however, came to a spectac- Molybdenum steels, which combine deep hardening 


jar end when he tried to catch a huge falling rock. and freedom from temper brittleness, reduce this risk. 
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CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS. 
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is one of the 
many applications of this 


PORTABLE PRECISION 
POTENTIOMETER 


Distinctive features include: 


1. High sensitivity, sturdy, built-in Pointer- 
lite galvanometer— permits balancing 
to within 2 microvolts in low-resistance 
circuits — better than 0.05° C. on iron- 
constantan couples. 


2. Completely se!f-contained assembly — 
no external accessories except the 
thermocouple circuit. 


3. Two full-scale ranges—O to 16.1 milli- 
volts and 0 to 161 millivolts—readable 
to within 2 and 20 microvolts re- 
spectively. 


4. Convenient arrangement of galvanom- 
eter scale, potentiometer dials, keys 
and battery rheostats for greatest 
ease in reading and adjustment. 


5. Sturdy, compact construction for many 
years of service under hard use. 


Portable Precision Potentiometers are 
available in a selection of ranges up to 
1.6 volts. Described with other Rubicon 
potentiometers in Bulletin 270 and 270-A. 


OTHER RUBICON PRODUCTS 


Gol ters @ resistance standards @ resistance 
bridges ® magnetic hardness testers for production 
testing eEvelyn photoelectric colorimeter for rapid 
and precise chemical analysis of metols © magnetic 
per ters @ other equip t involving precise 
measurement of electrical quantities. 


RUBICON 


COMPANY 


ELECTRICAL INSTRUMENT 
MAKERS 


3758 Ridge Avenue 
PHILADELPHIA 32, PA. 














Personals 


Harry W. McQuaip @ has 
resigned from Republic Steel Corp., 
where he was manager of the proc- 
ess and product development divi- 
sion, to establish consultant 
services in Cleveland. 


QUENTIN D. MEHRKAM @, for- 
merly employed as production met- 
allurgist by Thompson Products, 
Inc., Cleveland, has recently joined 
the metallurgical staff of the Ajax 
Electric Co., Inc., Philadelphia. 


American Foundrymen’s Assoc. 
announces the retirement of 
Cuar_es Epcar Hoyt ©, who has 
held the offices of secretary, con- 
vention and exhibits manager, exec- 
utive vice-president and treasurer. 
Also announced is the election of 
WILLIAM W. MALONEY as secretary- 
treasurer. Appointed as technical 
director is S. C. Massarnr @, and 
JoHN P. MULLEN is named assistant 
treasurer. 


Announcement has been made 
that J. G. Ripstra @ will be repre- 
sentative in the Detroit area of the 
Banox division of Calgon, Inc., 
Pittsburgh, and Ricuarp J. SKILL- 
MAN will operate from the Phila- 
delphia oflice. 


W. F. Pravet @ has been trans- 
ferred to Chicago as district man- 
ager of toolsteel sales for Allegheny 
Ludlum Steel Corp. 


H. L. Epsat, @, advertising 
manager for Radio Corp. of Amer- 
ica and member of the Metal 
Progress Advisory Committee, has 
announced his resignation in order 
to devote his time to writing. His 


first book, “Borrow and Prosper”, 
has just been published. 


THEODORE A. COHEN @ has 
announced the formation of his 
own company, the Taco Engineer- 
ing Co., Chicago, a consulting, 
designing and manufacturing 
organization specializing in indus- 
trial process control. 


Eart S. Patcu and C. Roperr 
TALMAGE @ announce the forma- 
tion of a consultant service in 
powder metallurgy at Stamford, 
Conn. 


Appointment has been made at 
the University of Notre Dame of 
Errore A. Perett1 @ as associate 
professor of metallurgy. Mr. Peretti 
was formerly assistant professor of 
metallurgy at Columbia University, 
New York. 
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E. E. MUELLER @ has ed C. 
U. Scott & Son, Inc., Rox island. 
Ill., as metallurgist. He has had 3) 
years’ experience in }¢; stee] 
industry serving as meta urgist 
and sales specialist. 


Pennsylvania State College 
announces the appointment of Wu- 
LIAM J. REAGAN @ as associate 
professor of metallurgy. 


CuHartes S. Barrett @ ha, 
resigned as professor of metallyr. 
gical engineering at Carnegie Inst 
tute of Technology to join the 
research staff of the Institute for 
the Study of Metals at the Univer 
sity of Chicago. 


JoHN R. DaEsen @ has bee: 
named president of Iron, Ine., g 
new division set up by Continental! 
Machines, Inc., to operate the high- 
purity iron powder plant now 
under construction on the Mesaba 
iron range of northern Minnesota. 


Janet Z. Bricas © has joined 
the metallurgical staff of the Climax 
Molybdenum Co., New York. Previ- 
ously she was metallurgist for the 
Crucible Steel Co. of America. 


JosEPH E. WorkKMAN, formerly 
Chicago district manager, has beer 
appointed assistant sales manager 
for Latrobe Electric Steel Co. Ros- 
ERT F, Frazure @, formerly Toled 
manager, becomes Chicago district 
manager, and Rarcpu H. Baitey 6 
will move from Dayton to Toled 
to be district manager. 


Announcement has been made 
by the Alloy Cast Steel Co. of the 
appointment of C. H. Weicu 6. 
formerly superintendent, as plant 
manager. He succeeds W. A. Dor- 
sEY @, who recently retired as 
vice-president and works manager 
J. E. Gick Ler will become super- 
intendent. 


Wituiam A. Ture, @ has been 
promoted from master mechanic t 
manager of the Gary plant, Amer 
can Bridge Co. 


Epwin K. Pryor @, has bee? 
made west coast representative of 
Chas. Taylor Sons Co. He recently 
completed a year’s special work oP 
the staff of Battelle Memorial Instt- 
tute, Columbus, Ohio. 


J. E. Arruur @, superintendent! 
of melting, Crucible Steel Co. 
of America, has been elected pres! 
dent of the Electric Metal Makers 
Guild. R. H. Frank of Bonne) 
Floyd Co. is vice-president, and 
D. L. CLarnk @, superintendent of 
melting of Simonds Saw and Stee! 
Co., is secretary-treasurer. 
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His large evaporator equipment affords an excel- 
Tie example of skilful designing to take advan- 
tage of the special characteristics of two of the 
Revere Metals. For high heat conductivity and 
corrosion resistance, Revere copper tube and tube 
sheets were used for the steam chest. For the strength 
of mild steel and the corrosion resistance of copper, 
Herculoy plates were used. 

There are many different Revere Metals, because 
no one metal can possibly serve all purposes. The 
important thing is to select among these metals those 
most suitable for each given set of conditions. Some- 
times this is not easy, requiring a skilful balancing of 
such factors as Corrosion resistance, strength, weight, 
cost per pound, cost per cubic foot, cost of fabrica- 
tion, time consumed in fabrication, service expect- 
ancy, and even appearance. We will gladly discuss 
with you the many, varied, and sometimes contrasted 
vires of Revere Metals, either in general terms, or 
in relation to a specific product or piece of equipment. 

Revere Mill Products include—Copper and Copper 
Alloys: Sheet and Plate, Roll and Strip, Rod and Bar, 
Tube and Pipe, Extruded Shapes, Forgings; Aluminum 
Alloys: Tube, Extruded Shapes, Forgings; Magnesium 
Alloys: Sheet and Plate, Rod and Bar, Tube, Extruded 
Shapes, Forgings; Steel: Electric Welded Steel Tube. 


REVERE 


COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, New York 
Mills: Baltimore, Md.; Chicago, lil.; Detroit, Mich.; New Bedford, 


Mass.; Rome, N. Y.—Sales Offices in Principal Cities, Distributors 
Everywhere 


Listen to Exploring the Unknown on the Mutual Network 
every Sunday evening, 9 to 9:30 p.m., EST. 





Evaperator equipment designed by the Zaremba 
Company, Buffalo, N. Y., for the Corn Products 
& Trefts, Inc., Buffalo, N. Y. 


Skilful designers take advantage 
of REVERE’S many metals 
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Catchall, 90" x 5' $" face 
to face, made of Herculoy. 


















Steam chest of 11' ID x 30' 6" 
evaporator. Tubes and tube 
Sheets are Revere Copper. 


























e Temperature Changes 


Anticipat 





eliminate Overshoot and 


7etew XKC|LINE 


Straight Line Temperature Control 


XACTLINE is created for anticipating 
process temperature requirements. 
It performs efficiently on any type 
of electrically heated furnace, oven 
or other industrial equipment em- 
ploying a millivoltmeter of poten- 
tiometer type controlling pyrometer 
... Or gas-fired equipment operated 
with solenoid or motor controlled 
valves. XACTLINE eliminates the ex- 
cessive saw-tooth curves indicative 
of costly overshoot or undershoot 
temperature variations. 

XACTLINE’S extreme sensitivity antici- 
pates the most minute heat variation 
on both cooling and heating cycles, 
causing an instantaneous power on-off re- 
sponse. Power on-off cycles as short as 3 seconds have 
been attained. That's why XACTLINE gives you the finest, most accurate, trouble- 


free and inexpensive temperature control regulator available. 


NO gears, cams, shafts, bearings or other rotating or sliding parts. 
Xactline's simple design eliminates usual repair and maintenance. 


Without 
XACTLINE 
in Circuit 


XACTLINE 
in Circuit 





THE PRECISE CONTROL FOR . . . Tempering-Drawing . . . lso-Thermal 
Quenching... Al and Mg Treatment... Accurate Heat Treating... 
Sintering ... Metallic Baths... Plastic Molding...and other precise 
temperature control applications. 

Laboratory tested and adjusted for immediate 

operation. Price complete F. O. B. Factory $79 50 


Write for the new XACTLINE data folder today! 


Tele}: fo) *f CLAUD S. GORDON CO. 








Specialists for 32 Years in the Heat Treating 
and Temperature Control Field 


>< SERVICE: >< 
Ree Acar Dept. 15, 3000 South Wallace Street, Chicago 146, Illinois 
sie ale Dept. 15, 7016 Euclid Avenue, Cleveland 3, Ohio 
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Personals 


A. W. SCHLECHTEN 6, recent) 
on leave from Oregon State College 
as a metallurgist at the Northwey 
Electrodevelopment Laboratory y 
the U. S. Bureau of Mines, Alban 
Ore., has now been appointed pro. 
fessor of metallurgy at Missoyy; 
School of Mines and Metallurgy 
Rolla, succeeding Pror. H. R. Hay. 
LEY ©, who has been appointe 
professor emeritus at the schoo 
after 23 years of service. 


CHARLES G. PURNELL @, for. 
merly district contact metallurgiy 
for Carnegie-Illinois Steel Corp 
is now associated with Cabot and 
Co., Inc., Pittsburgh advertising 
agency. 


Lester A. LANNING @, formerl 
assistant manager of the Bristol 
plant of New Departure Division of 
General Motors Corp., has been 
appointed manager of the new Sap. 
dusky plant of New Departur:. 


Upon release from active duty 
with the rank of lieutenant con- 
mander in the U. S. Navy Reserve 
WILLIAM Y. WEBB @ has been 
employed by the Materials Division 
Navy Department, Washington, 
D. C., as an industrial engineer in 
nonferrous minerals. 


STEWART M. DeEPoy @ has 
resigned from Delco Products Divi:- 
sion, General Motors Corp., as chief 
metallurgist and has become afiii- 
ated with the Dayton Forging ani 
Heat Treating Co. as superintend 
ent. 


Eric R. Jette @ has resigned 4 
professor of metallurgy in the 
School of Mines, Columbia Univer 
sity, and is now head of the chem 
istry and metallurgy division at the 
Los Alamos Scientific Laboratories 
of the Manhattan District, Santa Fe 
N. M. 


J. DonALD ZAISER @ was elected 
president and general manager 0 
Ampco Metal, Inc., Milwaukee, \ 
succeed his father, C. J. Za1ser, wht 
died July 29. 


E. R. Mertz @ has bee! 
appointed associate professor ™ 
general engineering at the Univer 
sity of Southern California. 


Cart O. SuNDBERG G@, 00° 
released from active duty in t 
U. S. Navy, has been appointed 
process metallurgist with the Di 
mond Chain & Mfg. Co. of India 
apolis, Ind. 
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where castings must be 


STRONG AND MACHINABLE 


a Se 
NBSCO-MEEHANITE 


is the answer... - 


Whenever you have to select castings on the basis of a com- 
bination of properties, consider our experience: We produce 
three main classifications of Absco-Meehanite castings and 
within them nine types. Among them are metals which 
permit a wide range of choice and an unusually close con- 
trol of metal characteristics in relation to a specific service. 

For example, when the cam shown here was needed as 
a component in a piece of precision equipment, Absco- 
Meehanite was found to be the answer, furnishing castings 
that are strong and machinable ... a close-grained high 
strength iron combining such properties as freedom from 
distortion, rigidity, wear-resistance and an ability to take 
a high polish. 

American Brake Shoe Company’s practical knowledge 
of foundry techniques is another factor to consider in rela- 
tion to Absco-Meehanite castings. It has proved important 
to many whose need for castings is on a production-schedule 
basis. Write us and tell us your needs in detail. Let us tell 
you what type of metal we recommend. American Brake Shoe 
Company, 230 Park Ave., New York 17, N. Y. 


1. Strength (Shear, 5. Heat Resistance 


Compressive, Tensile 6. Toughness 
and Transverse) 7. Rigidity 
2. Impact Resistance 8. Machinability 
3. Corrosion Resistance 9. Pressure Tightness 
4. Wear Resistance 10. Vibration Absorption 
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Stress-Strai;, 
Curves 
for Magnesium’ 


HE FUNDAMENTAL relation of 

stress to strain is required by the 
designer for many problems. Typi- 
cal stress-strain curves up to the 
yield strength in tension and com. 
pression are presented for Dow. 
metal FS-th_ sheet (longitudina| 
and transverse), J-1h sheet (longi- 
tudinal and transverse) and 0-1 
HTA extrusions. For these alloys 
distribution curves based on a large 
number of tests are given for com- 
pressive proportional limit, com- 
pressive yield strength, compressive 
modulus of elasticity, tensile pro- 
portional limit, tensile yield 
strength, tensile strength, tensile 
elongation and tensile modulus of 
elasticity. Individual curves from 
a few tests on typical material are 
presented on other commercial 
alloys in the form of forgings, dic 
castings, extrusions and sheet. 

The accurate determination of 
a stress-strain curve calls for 
observance of careful experimental 
technique. The modulus of elas- 
ticity is particularly sensitive to 
various factors in the testing. 
Errors found in normal testing 
account for the variation in the 
modulus obtained and are not due 
to inherent differences in the mate- 
rial. On alloys with a low propor- 
tional limit, the testing technique 
must be good or even the yield 
strength will be in error. 

With careful testing, the mod- 
ulus of elasticity has been found to 
be substantially constant in com- 
pression and tension. The values 
were distributed quite closely 
around a mean of about 6,500,000 
psi. which should be used in nor- 
mal design calculations. 

The ratio of compressive yield 
strength to tensile yield strength 
averages slightly more than unity 
for castings. In certain wrought 
alloys, the ratio may be as low 4s 
0.4 to 0.6, especially for the low 
strength extrusion alloys. High 
strength sheet and extrusions have 
ratios from 0.8 to unity. Low ratios 
are considered to be due to the 
combined action of the preferential 
grain orientation and the lower 
yield strength in (Cont. on p. 700) 


*Abstracted from “The Relation of 
Stress to Strain in Magnesium-Base 
Alloys”, by E. J. Eastman, J. C. McDon- 
ald and A. A. Moore, Journal of the 
Aeronautical Sciences, V. 12, July 1%, 
p. 273 to 280. 
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Guha Jianth-re Aid Industry—and You! 


HANDLING COMPLEX PROBLEMS in the chemical 
process industries makes many a purchasing 
and production executive wish he had as 
many extra hands as this ancient Hindu idol 
to help him through—and he has! 


THEY ARE HIS... and yours —in the coopera- 
tion and assistance of chemists, engineers, and 
technicians on General Chemical Company’s 
Technical and Engineering Service staffs. 
These experts are well qualified by technical 
training and by practical industry-wide expe- 
rience to offer sound, constructive advice in 
many ways—whcther your problems deal with 


industrial, scientific or agricultural cheinicals. 


THEY CAN FURNISH pertinent data on proper- 
ties, grades, and packaging of General Chemi- 
cal products . . . advise on materials and 
methods for handling and storing them . . . 
consult on their applications to your opera- 
tions,..and work with you in the development 
of special chemicals to meet your individual 
requirements. 

When “extra hands” such as these can help 
you, just phone or write to the nearest General 
Chemical Company Sales and Technical 
Service Office listed below. 


GENERAL CHEMICAL COMPANY 


40 RECTOR STREET, NEW YORK 6, N. Y. 





Sales and Technical Service Offices: Albany * Atlanta + Baltimore * Birmingham 
Boston * Bridgeport * Buffalo * Charlotte * Chicago * Cleveland * Denver 
Detroit * Houston * KansasCity * Los Angeles * Minneapolis * New York 
Philadelphia * Pittsburgh * Providence * San Francisco * Seattle * St. Louis 
Wenatchee (Wash.) * Yakima (Wash.) 
In Wisconsin: General Chemical Wisconsin Corporation, Milwaukee, Wis. 
In Canada: The Nichols Chemical Company, Limited 
Montreal * Toronto + Vancouver 


October, 1946; Page 699 











25% Chromium and 12% Nickel...these are the principal 
elements selected to provide these small rollers with the heat- 
resisting strength to carry the heavy loads in an annealing 
furnace. 


But there’s more to producing consistently sound castings 
than knowing which and how much of the several alloying 
elements to use. High alloy foundry experience is even more 
important. Shop facilities as well as quality and conditioning 
of the molding sand used count heavily toward satisfactory 
castings. These and other important contributing factors can 
be found in the background of the casting service offered by 
Duraloy Metallurgists and Foundrymen. 


We would like to produce your high 
alloy castings. May we quote on your 
next requirements? 


10-DU 
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Stress-Strain 


Curves for Mg 


(Cont. from p. 698) com ression of 
the grains under these Conditions 
The ratio of the proportional jimi 
in compression to that in tension 
behaves somewhat similarly to the 
ratio of the yield strengths, 

In actual shape, the stress-strajp 
curves of cast alloys are similar jp 
both tension and compression, | 
wrought metal, the compressigg 
curves tend to break away from the 
modulus line faster than those jp 
tension, so it is often feasible tp 
determine the yield strength jy 
compression by the drop of the 
beam. 


Vibration in 
Machining* 


V IBRATION of lathe tools 

studied as an_ introduction 
the general problem of vibration 
machining operations. In the pres. 
ent tests, the amplitude and wave 
form of the tool vibrations were 
recorded on a cathode ray oscil- 
lograph by means of a specially 
developed pick-up. The vertical 
cutting force was measured by an 
electromagnetic dynamometer. The 
contour of the machined metal was 
examined with a profilograph. The 
main factors affecting vibration 
were tool sharpness, cutting speed 
tool overhang and feed. 

In the first series of tests, the 
feed per revolution was grealer 
than the length of contact of the 
tool. A _ carbide-tipped tool was 
used to cut a low carbon steel with 
hardness of Vickers 156 to 1% 
Two distinct phases were evideal 
in considering the effect of cutting 
time and tool wear on the vibr 
tion. In the first, the vibration was 
small, somewhat irregular and 
increased slowly, while the wea 
of the tool edge continued stead) 
In the second, a large, steady vibr* 
tion persisted at almost conslatl 
amplitude as the rate of wear beg 
to increase after a temporary pau 
The transition period was almos 
instantaneous in most cases. on 


limiting amplitude (Cont. on p./!: 


*Abstracted from “The Mechanist 
of Tool Vibration in the Cutting : 
Steel”, by R. N. Arnold. (Report © 
Subcommittee on Carbide Tools, Ins 
tution of Mechanical Engineers.) 1™ 
Engineer, Nov. 2, 1945, p. 355 to % 
Nov. 9, 1945, p. 379 to 380. 















Titanium Prevents Intergranular Corrosion in 
Welding Stainless 


In the welding of austenitic stainless steels, ‘Titanium, the stabilizing element, prevents 
the retention of carbides in solution is not pos- precipitation of chromium carbide in an inter 
sible because the resulting heating between = granular pattern by virtue of the fact that it 
500 and 1600°F. precipitates the carbon present has greater affinity for carbon than any other 
as chromium carbides in an intergranular pat- element has for carbon, and accordingly, the 
tern. In this condition the zones near the welds — carbides of titanium are uniformly dispersed 
are predisposed to intergranular corrosion in thereby preventing intergranular precipitation 
certain media. and corresponding intergranular corrosion. 


TITANIUM ALLOY MANUFACTURING COMPANY 


Executive Offices: 111 Broadway, New York City General Offices and Works: Niagara Falls, N. Y 
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sarrett Standard Anhydrous Ammo- 
nia is made by combining Nitrogen, 
extracted from the air, with Hydro- 
gen. These two gases are freed from 
impurities, before combining, to pro- 
duce Anhydrous Ammonia of the 
highest purity obtainable. 


Barrett Standard Anhydrous Ammo- 
nia is available in two grades: 
REFRIGERATION GRADE, guaranteed 
minimum 99.95% NH3;; and com- 
MERCIAL GRADE, guaranteed mini- 
mum 99.5% NH3. Both grades are 
shipped in tank cars with a capacity 
of approximately 26 tons of NH3. 
REFRIGERATION GRADE only is 
packaged in 25, 50, 100 and 
150-pound standard-type cyl- 
inders and in 100 and 150- 
pound bottle-type cylinders. 





BARRETT STANDARD 
ANHYDROUS AMMONIA 





Barrett Standard Anhydrous Ammo- 
nia must pass rigid tests for mois- 
ture, non-condensable gases and 
other impurities, before release for 
shipment. Cylinders and tank cars 
are thoroughly cleaned and in- 
spected, upon return to the plant, 
before reloading. 


Barrett Standard Anhydrous Ammo- 
nia is stocked in cylinders at 64 
points conveniently located from 
coast to coast. The advice and help 
of Barrett technical service men are 
available to you for the asking. 


’ Barrett standards of purity 
and service make Barrett 
Standard Anhydrous Ammo- 
nia your best source of NH3. 


THE BARRETT DIVISION 


ce ALLIED CHEMICAL & DYE CORPORATION te 
40 RECTOR STREET, NEW YORK 6, N. Y. 











Pree: 


An interesting and 
helpful booklet, 
packed with useful 
information about 
Anhydrous Ammo- 
nia, will be mailed 
fo you on request. 
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Vibration in 


Machini 
acnininyg 
(Cont. from p. 700) Was attained 
more quickly when th Cutting 


speed was increased. 

The practical significance of 
these results may be judged from 
the fact that 0.02 in. wear is gen- 
erally allowed on carbide tools 
before regrinding, but in these tests. 
with a cutting speed of 550 ft. per 
min., the maximum severity of 
vibration was reached after a wear 
of only 0.04 in. The profiles of the 
machined surfaces showed a lack 
of symmetry with a steep entry 
followed by a more gradual exit of 
the tool. A sharp tool with an 
adequate front clearance when 
vibrating cut a smooth profile of 
somewhat sawtooth appearance. As 
the tool point wore, the action 
became more complicated and the 
flat worn at the tool point modified 
the shape of the profile. The sur- 
face contour was greatly influenced 
by speed. Eventually, when the 
ratio of wear to the surface wave 
length became unity, the wave form 
cut by the leading edge was almost 
obliterated by the trailing edge. For 
moderate vibration amplitudes, the 
tool vibration wave form closely 
approached a sine wave but when 
the wear on the tool point was well 
advanced, the wave forms were 
complex, showing the existence of 
higher harmonics. 

There are at least four distinct 
effects introduced by initiating 
vibration. The vertical force on the 
tool may vary as a result of (a) the 
variable depth of cut produced by 
the movement of the tool point, 
(b) the variable top rake resulting 
from the change of slope, (c) the 
variable speed of the tool relative 
to the work, and (d) the influence 
of the cutting action of the flat on 
the tool point. The influence of the 
first two is small and may be 
neglected; the last two are of para- 
mount importance. While the third 
may be measured, no correspond- 
ing measurement has been found 
possible for the fourth. The effect 
of speed variation during each 
cycle depends on the material being 
cut and to a lesser extent on the 
shape of the tool. A negative 


characteristic in the force speed 
relation introduces dynamica! 
instability which results in vibra 
tion. A positive characteristic 
results in dynamical stability. The 
damping characteristics of |!\ tool 
shank may be a determin! — 


ence as to whether (Cont. « 
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BUILT WITH TOP QUALITY 


the 
Y 
BEARINGS PRECISION 
ALL SIZES ALL FINISHES 


be \ 
ARISTOLOY STEELS 





* 


SELL YOUR 
SCRAP 


bra- AMERICAN INDUSTRY 
NEEDS IT! 


* 7 - * 


“08 OPPERWELD STEEL COMPANY warren, oH!10 
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STANDARD PRODUCTS 
PAY OFF 


In Metal Cleaning 


Because metal-cleaning problems differ 
in so many ways, a complete line of 
cleaning processes and products is 
necessary. Here is a typical specialized 
problem solved by TRIAD 90—a stand- 
ard Detrex emulsion. 


Cleaning ferrous wire is a tricky 
operation. For a trouble-free job, 
obstinate drawing compounds must be 
removed, rusting after cleaning must 
be prevented and wire lubrication 
must be provided. TRIAD 90 scores on 
all three counts. 


Specialists in all phases of metal 
cleaning, Detrex field representatives 
analyze every factor before recommending the process and 
product for the job. And you can be sure that that product— 
whether a vapor degreasing solvent, an alkali, or an emulsion 
—is RIGHT. Do as thousands of others are doing when production 
is bottienecked in the cleaning department—cal/ a Detrex field 


representative today. 


ee ES: ER ee 


_gm DETREX 
DETROIT 32 MICHIGAN byporalion_ i 
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Vibration in 
Machining 


(Cont. from p. 702) the maximum 
possible amplitude is attained, 

When the feed was less than the 
tool breadth, the self-induced vibra. 
tions were supplemented by forced 
vibrations. The forced vibration 
resulted essentially from an exter. 
nal periodic force which was quite 
independent of the system op 
which it acted. Under the present 
conditions, the forced vibration was 
produced by the act of cutting 
through metal with an undulating 
profile produced during the previ- 
ous revolution of the tool. The 
wave form of the forced vibration 
bore a definite phase relation to 
the previous contour. 

The above tests were made with 
a tool shape designed for scientific 
convenience rather than practical 
utility. Work with a more practical 
tool shape showed that after a few 
minutes’ cutting time the vibration 
built up to about the same magni- 
tude as that obtained in the other 
tests. When a small radius was 
lapped on the point, full vibration 
developed even more rapidly. 6 


Effect of 
Stress Relief on 
Fatigue Strength" 


MO DETERMINE the effect of met- 
allurgical changes associated 
with welding without actually 
depositing a weld, tests were made 
on a 0.25% carbon, 0.45% manga 
nese steel in the following condi 
tions: Series A as rolled; Series 
B stress relieved at 1150° F.; 
Series C —1-in. diameter spot 
the center heated to 1100° F. and 
water quenched to produce thermal 
stresses without hardening; Series 
D l-in. diameter spot at the cet 
ter heated to 1660° F. and water 
quenched to produce a hard struc 
ture and thermal stresses; Series ! 
l-in. diameter spot at the center 
ee 


heated to 1660° F. and wate 


hoard 
i iia 


quenched so as to product 
structure. 
Pilot tests showed (7 


*Abstracted from “The Elect 
Metallurgical Changes Du 
Treatment Upon the Fatigue Strené™ 
of Carbon Steel Plates”, by Walter B 
Bruckner and William H. Mun ‘ 
ing Journal, Oct. 1944, p. 499s 

















NEW interleaving paper for all four 
Kodak Industrial X-ray Films 





Irs A NEW IDEA—the result of constant research graphically inert and chemically pure, Is pre rduced 
in Kodak’s own paper mull. It ts made to the same 


and field testing. 
exacting standards and under the same precise 


It has many practical advantages It provides 


na - - ° ° . IS Ts) 1 ‘ > ‘ be : ge . . 
ore protection for film in handling, and is easier controls necessary in the manufacture of Kodal 


Industrial X-ray Film. 


y 


to see when loading or unloading. It is cleaner on 
nds, on clothes, and on cassettes. Ir 1S safer for 
stock in storage. Film with the new paper w ill soon reach vou 


This new, white, interleaving paper, photo- watch for it. 


aii 
EASTMAN KODAK COMPANY 


X-RAY DIVISION - ROCHESTER 4, N. Y. 
— ikoelalle 
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MICROMETRIC 


Hardness Testing. 


~ Opel GA oe ei ba s 3 
4 x Pe fie hg e : . we <F * wate Ti ‘ 


The minute indentations made by the TUKON 
Tester with KNOOP Indenter make possible 
many valuable hardness tests never before 
accomplished. Accurate tests can be made 
on surface conditions and exceptionally 
small areas of metallic materials by 
laboratory assistant. 

This instrument and the famous "ROCKWELL" 
Hardness Tester are made only by Wilson. 
If you have any problem of hardness testing, 
let us give you the latest information. 


WILSON MECHANICAL INSTRUMENT CO., INC. 


367 CONCORD AVE., NEW YORK 54, N. Y. 
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Stress Relief 


(Cont. from p. 704) iat failure 
at the shoulders of the fatigue Spec. 
imens was prevented by |ocal flame 
hardening of the shoulders, Ay 
subsequent fatigue specimens were 
so treated. 

Static tests were made on fatigue 
type specimens. Except for Series 
B, closely checking values for tep. 
sile strength were obtained in each 
series. Series D had the highest 
tensile strength and the lowest 
reduction of area. Except for one 
specimen of Series B, Series B, ¢ 
and E had lower tensile strengths 
than Series A. The ductility as 
measured by the elongation cop. 
tinually decreased in the order 
Series A to E. 

Fatigue tests on three or more 
specimens in each series are sum- 
marized below: 


CYCLES TO FarLure’ 
AVERAGE MINIMUM 
490,200 476,500 
276,900 168,600 
403,430 265,900 
798,470 584,700 
498,550 461,800 


Stress relieving reduced the 
fatigue strength of Series B and 
caused failure to occur near the 
shoulders. Metallographic and 
hardness tests showed that the 
region of failure was slightly sphe- 
roidized with a minimum hardness 
of Vickers 120. The reduced fatigue 
strength of this series can be 
ascribed in part to the probable 
loss of the strength of the shoulders 
and the consequent re-establishment 
of the geometric stress raisers 
because of the softening during 
stress relieving. 

None of the fatigue failures of 
Series C, D and E occurred in the 
heat treated region at midlength 
but rather in the region between 
the heat treated shoulder and the 
heat treated portion in the center. 
These results would indicate that 
the heat treated region had a higher 
fatigue strength than the unaffected 
base metal in which failure 
occurred. No quantitative data 
were obtained on the fatigue 
strength of the heat treated regions. 
The only apparent correlation 
between the static (Cont. on p. 710 


to 


*Stress cycle 28,000 psi. tension 
16,000 psi. compression. Column {or 
average of results does not include a0 
exceptionally large number of cycles 
obtained on two samples of Series D 
and one each of Series C and ©, which 
were believed to be without signif- 
cance. 





FOR MAXIMUM RIGIDITY AND 
FREEDOM FROM DISTORTION 


Specify MISCO 


HEAT RESISTING ALLOY TRAYS 


e One of the simplest ways of conveying material through a heat 
treating furnace is by means of the pusher tray. The simplest 
kind of pusher tray is the one-piece grid type illustrated above. 
$ The basic design is light, efficient and strong. 


Add the Misco principle of grid-bar design and here is the 
strongest, most rugged tray construction yet devised. Users are 
enthusiastic and almost wish they could use more. But replace- 
ments are very rarely needed because Misco trays last so long. 







CORED HOLE -* 


THE MISCO PRINCIPLE OF 
GRID BAR DESIGN 


Grid intersections are cored hori- 
zontally and diagonally through 
the neutral axis. Metal thus re- 
moved from regions of low stress 
is added to areas of high stress, 
where it increases load capacity, 
reduces distortion, and gives much 
longer life. U.S. PAT, 2242554. 


r 

SPECIFY MISCO HEAT RESISTING ALLOYS Furnace Parts © Roller Ralls © Roller Hearths © Conveyor Rolls © Trays * Retorts 
Chein © Muffies © Walking Beam Conveyors © Carburizing end Annecling Boxes 
: CAST * ROLLED * FABRICATED Dipping Baskets © Cyanide end Leed Pots © Thermecouple Protection Tubes © Pickling 


1 - - Equipment * Centrifuge! Cestings * Miscellaneous Castings end Rolled Bars © Sheets, 
For all Heat Treating Equipment Plates, Tubes and Welding Rod for use at high temperature or under corrosive conditions. 
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ALLOY CASTING DIVISION 
Michigan Steel Casting Company 


One of the World's Pioneer Producers of Heat and Corrosion Resisting Alloys 


1999 GUOIN STREET - DETROIT 7, MICHIGAN 





4S 
OHNSON 


Lahore 


OuTseoarod moTrors 








OUTBOARD MOTORS contain a large 
number of aluminum die castings 
which provide uniformity in size, 
strength and quality, and avoid 
excess weight. High quality of 


@ castings is contributed by exclu 
C290 sive use of low frequency Ajax- 
- + Tama- Wyatt induction melting 


furnaces. 


ALL ELECTRIC 
DIE CASTING 


PLA nT The photograph above shows a part of the Aluminum 
Alloy Die Casting Shop of the Johnson Motors 

Division of Outboard Marine & Manufacturing Company, located 
at Waukegan, Illinois, U.S.A. This is the first die casting plant in 
the world to use exclusively electric furnaces for melting and holding 


the metal to be processed in die casting machines. 


A large number of Ajax-Tama-Wyatt low frequency induction 
melting furnaces have been installed at this plant. The small illus- 
tration gives a close-up view of the 20 kw. holding furnace. Auto- 
matic temperature control, gentle movement of the metal (which 
prevents segregation) and amazingly low maintenance cost are the 


principal features. 


AJAX ENGINEERING CORPORATION, Trenton 7, New Jersey 


i INDUCTION MELTING FURNACE 


‘ 
y bh 








TAMA. watt = 
Assocrate Compares: AJAX METAL CORIPANY, Mon Ferrous ingot Metals and Mloys to Foundry the 
ELECTROTHERMIC ~ fy Hert Wah Hogan) lade Fea 
AX ELECTRIC CO., Inc. yas Hultgren Electric Set Gath Furnace 
JAN ELECTRIC FURNACE COMP, na: at inewton Faorscen br Hing 
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Stress Relief 


(Cont. from p. 706) tens ind the 
fatigue tests was the position of the 
failure. 

An attempt was made to disso. 
ciate the effect of residual stress 
and metallurgical changes on the 
fatigue strength by testing samples 
of Series E which had been stress 
relieved at 1000° F. The number 
of cycles to failure approximated 
the number for Series B. The 
fatigue failure occurred in the 
shoulder in one specimen and ip 
the other specimen at the same 
position as the Series E specimens 
that were not stress relieved. The 
only significance of these tests was 
to confirm the results on Series RB 
that stress relieving reduces the 
fatigue strength. 8 


Origin of 
Inclusions” 


(THREE related subjects are c 
sidered in this notable study of 
slag inclusions in steel. The first is 
new experimental work by th 
authors on the MnO-Al.0.-SiO, sys 
tem. This is followed by a review 
of phase relations in the oxide sys 
tems involved in the formation of 
inclusions by deoxidation with alv- 
minum and reactions of steel with 
pit refractories, particularly fire 
clay refractories. The final portior 
presents X-ray analyses and photo 
micrographs of inclusions from a 
number of acid and basic steels 
together with recommendations for 
avoiding their occurrence. 

The authors’ work on the Mn0 
Al,O,-SiO, system confirms the 
existence of three ternary com- 
pounds, already indicated by the 
work of R. B. Snow, published in the 
Journal of the American Ceramic 
Society for 1942, V. 
whose work the author reviews 10 
detail. The ternary compounds are 
a feldspar, the manganese analogue 
of anorthite (Mn0O-Al,0,:Si0,); 
spessartite garnet (3Mn0-Al,0 
2SiO,) ; and the manganese analogue 
of cordierite (2MnO-2Al,0,,:5Si0,). 
Snow’s observation that the manga 
nese analogue of cordierite has 0? ly 
a small field on the liquidus and 
crystallizes with (Cont. on P. 71? 

* Abstract of “The Origin and Con- 
stitution of Certain Nonmetallic Inclu- 
sions in Steel”, by J. R. Rait and H. W 
Pinder. Advance Copy, Iron and Steel 
Institute, June 1946. 

















SILVER SOLDERING 
SIX ASSEMBLIES AT ONE TIME 








Faced with a need for speeding up the sil- 
ver soldering of a cup-and-tube assembly, 
one manufacturer called in Lepel engi- 
neers. Induction heating coils were de- 
signed to join six assemblies simultane- 
ously. Jigs were designed to hold the pre- 
fluxed parts of the assembly and the silver 
rings in position for soldering. 

Automatic control permits the operator 
to assemble parts for another group of six 
in a duplicate heating station while the 
first six is being heated, at the rate of 1 
every 3 seconds, to the proper soldering 
temperature, using a 15 KW unit. Metal 
discoloration, soldering time, and cost 


were reduced to a new low. 


SPEED-UP OF A SHRINK-ON 





A manufacturer of machinery speeded up 


NO. 2 


a shrink-fit operation by applying his 
Lepel Induction Heating Unit to the job. 
The collar to be shrunk onto the tube was 
placed in a suitably designed load coil, 
and heated for a few seconds. Then the 
tube was inserted and the assembly allowed 
to cool. This is only one of the 25 opera- 
tions performed by Lepel units in this one 
plant, which result in a saving of over 
50,000 man-hours annually. 


HARDENING STAINLESS-STEEL TUBING — 
TEN FEET A MINUTE, WITHOUT DISTORTION 





A stainless steel tubing is heated to about 
2000° F and quenched in water for harden- 
ing. A tubing company is hardening such 
tubing at average rates of from 8 to 10 
feet a minute. Heart of the automatic ma- 
chine which performs this continuous heat- 
treating operation is a Lepel High-Fre- 
quency Induction-Heating Unit. A pair of 
rollers feed the tubing through a suitable 
heating coil and from there to the quench. 
One important result of this method of 
hardening is elimination of distortion, al- 
ways a difficult problem in heat-treating. 


If YOU HAVE A PROBLEM in joining, heat treating or melting of ferrous or non- 


ferrous metals, chances are that some Lepel High-Frequency Induction Heating 
Unit can help you do a better, faster, more economical job. Lepel metallurgists 
and field engineers will be glad to make a thorough study of your specific prob- 
lem, and help you put the right compact, Lepel unit on the job. Just call, or 
write, Lepel High Frequency Laboratories, Inc., 39 West 60th Street, New 


York 23, N. Y. 


°fe Our new catalog is just off the press. Send for it. 


PIONEERS IN 





INDUCTION HEATING 
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Cold SPRAY-GRANODINE, makes possible that 
beautiful, lustrous, pure white finish so 
much desired on modern refrigerators, 
kitchen cabinets and a host of other white 
finish metal products. 

Cold SPRAY-GRANODINE, the pioneer low tem- 
perature phosphate coating process (with 
peroxide), produces a uniform, dense, hard 
zinc phosphate coating that assures higher 
luster and paint durability needed to preserve 
a beautiful finish even under severe exposure 
conditions. 


Cold SPRAY-GRANODINE, is ideally suited to 
processing (in continuous production in 
power spray washers) either large or small 
products, rapidly, efficiently and economi- 
cally. The present trend toward Granodiz- 
ing attests to its efficiency and time-proved 
effectiveness. 
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Origin of Inclusions 


(From p. 710) difficult, even on 
initial cooling was confirmed. The 
melts were made by heating above 
the melting point, in a_ platinum 
crucible under an atmosphere of 
hydrogen or oxygen-free nitrogen, 
The melts were annealed to obtain 
crystallization, using temperatures 
between 900 and 1350° C. (1650 and 
2450° F.) depending on the compo- 
sition. Each specimen was polished 
and examined microscopically by 
reflected light and then powdered 
and an X-ray diffraction patterp 
obtained. The coexisting phases 
in the annealed specimens were: 

1. Manganous oxide, tephroite, 
galaxite. 

2. Tephroite, spessartite, gal- 
axite. 

3. Tephroite, rhodonite, spes-. 
sartite. 

4. Spessartite, galaxite, corun- 
dum. 

5. Spessartite, manganese feld- 
spar, corundum. 

6. Manganese feldspar, corun- 
dum, mullite. 

7. Manganese feldspar, mullite 
cristobalite or ‘tridymite. 

8. Spessartite, manganese feld- 
spar, cristobalite or tridymite. 

9. Spessartite, rhodonite, cris- 
tobalite or tridymite. 

Using published data, the authors 
then discuss the phases to be 
expected in systems which contain 
FeO, CaO and MgO in addition to 
MnO, Al.,O, and SiO,. All of these 
oxides are considered to have a 
bearing on inclusions since the 
oxides of iron, manganese and sili- 
con may be formed from the steel; 
silica is a constituent of acid and 
basic slags, of acid furnace refrac- 
tories and of firebrick and other 
common pit refractories, while 
lime and magnesia may come from 
basic slags. Koerber’s study (Stahl 
und Eisen, 1937, V. 57, p. 1349) of 
the Fe-Si-Mn-C-O system is 
reviewed, to show that steels of cer- 
tain manganese and silicon contents 
will react with silica. The silica is 
reduced to silicon, which dissolves 
in the steel, while manganese in the 
steel is oxidized to form MnO which 
dissolves in the surface layer of the 
refractory. 

The authors then review some 
of the senior author’s earlier work 
published in 1943 in Transactions 
of the British Ceramic Society, 0 
runner brick slags and inclusions 


in castings (made of acid _ steel 
without any aluminum = aidiition) 
teemed through magnesia —_ 

a 


and bottom-cast (Cont. on 
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pues operations which today often demand 
a refractory tube able to withstand high tem- 
peratures and to give long, economical service, 
ore looked upon by Norton Company as the 
logical application of the new “Pure Oxide 
Refractories”. ALUNDUM* furnace tubes, which 
ore essentially sintered alumina without any bond, 
do provide greater refractoriness and much 
longer life and thereby greatly extend the 
utility of the furnace tube line of Norton 
Refractories. 


NORTON COMPANY 


Worcester 6, Massachusetts 
* ALUNDUM — Trade-mark Reg. U. S. Pat. Off. 
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For smal ‘ 
quantitic® 
Large Rivers 


The New 


CHERRY G-55 


Tight clinching 
Pull-through 
Hollow type 


Cherry Blind Rivet [| 
/ High Strength a 
Se 


/ 


If-plugging type 
Cherry Blind Rivet 


‘*A CHERRY BLIND RIVET for every job . . . A Cherry Rivet 
Gun for every need."’ The Cherry line of blind rivets and in- 
stallation tools*was conceived around this idea. And the idea 
continues to expand. 


THE NEW G-55 HAND GUN was designed especially for 
small-quantity users of the larger sizes (7/32”, ¥4", 9/32”) 
of Cherry Blind Rivets. (Used with an adapter, it also installs 
the smaller rivets.) The more expensive pneumatic guns are 
primarily production line tools. But for small-quantity rivet 
installation, or for field work where air pressure is not avail- 
able, the hand gun is perfect. The relatively inexpensive 
G-55 Hand Gun is light weight and easy to handle. 


CHERRY BLIND RIVETS are available in aluminum, steel, 
brass and Monel. 


For more information regarding Cherry G-55 Hand Gun, and other Cherry 
Rivet products, write to Dept. J-194, Cherry Rivet Company, 231 Winston 
Street, Los Angeles 13, Calif. 


CHERRY RIVETS. THEIR MANUFACTURE @ APPLICATION ARE COVERED BY U.S. PATENTS ISSUED @ PENDING 
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‘dnd pyroxenes con- 


Origin of Inclusions 


(Cont. from p. 712) throug 
runner brick. Two types «| fireclay 
brick were used, a more iliceous 
brick which contained about 13% 
of quartz and a more aluminous 
variety which contained Jess than 
1% of quartz. 

Slag taken from between the 
runner brick and the steel in the 
runner, inclusions extracted from 
the steel in the runner, and inely. 
sions found on the surfaces of the 
cast ingots consisted almost entirely 
of MnO, SiO, and ALO, and had 
SiO, : Al,O, ratios lower than those 
of the firebrick runners before use. 
This confirmed the postulate that 
manganese in the steel had prefer. 
entially reduced silica in the fire. 
brick and that the MnO so formed 
had fluxed the refractory, forming 
a MnO-SiO,-Al,O, slag. Since the 
more siliceous firebrick runners 
were much more rapidly attacked 
than the more aluminous brick, the 
author concludes that silica in the 
form of quartz is the constituent 
most rapidly attacked by manga- 
nese in the steel. Recalculated on 
the basis of MnO+SiO,+Al,0,= 
100%, the slags from the casting 
runners fall in the mullite field. A 
few of these slags were subjected to 
X-ray analysis and were found to 
consist of mullite and glass; mullite, 
quartz and glass; or glass alone. 

Runner and tun-dish slags, and 
inclusions from the bottom-cast 
steels described above, and from 
basic and other acid steels, were 
subjected to X-ray analysis. The 
constituents identified in this way 
were correlated, at least in part, 
with the appearance in polished 
section. The minerals identified by 
X-ray analysis were: manganese 
anorthite, mullite, cristobalite, trid- 
ymite, spessartite, spinel (chiefly 
MgO-Al.O,), spinel (a complex 
wherein RO=FeO, MgO, Mn0; 
R.O,=Fe.0,, Al,O,), a alumina, 
y alumina, rhodonite, gehlenite, 
pyroxene (isomorpnous with ensta- 
tite), and monoclinic pyroxene 
(diopside type). 

Most of the observed inclusion 
minerals are the products of reac- 
tion of the steel with deoxidizers or 
refractories. In addition to these 
the MgO-Al,O, occurred in steel to 
which 8 oz. of aluminum per ton 
had been weighted with ferroman- 
ganese and added in the furnace to 
a basic electric heat. The spinel = 
attributed to reaction of the alumr 
num with the dolomite furnace bot- 


4om. The occurrence of & hlenite 
(To p. 716) 


fireclay 
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“Falls Brand” Alloys 


“FALLS” 50-50 NICKEL COPPER 





Production costs are materially reduced 

through the use of “FALLS” 50-50 

NICKEL COPPER. = Savings include: 
Lo) 


Increased output 
Less fuel consumption 
Fewer rejected castings 


Longer life for crucibles 
and furnace linings. 


WRITE FOR COMPLETE DETAILS. 


NIAGARA FALLS SMELTING 
& REFINING CORPORATION 


BUFFALO 17, NEW YORK 
























JOHNSION 


BLOWERS 


LOW PRESSURE, DIRECT CONNECTED 
Simple, efficient, compact, dependable. 


BURNERS 


OIL and GAS. “REVERSE BLAST” 
Mixes ALL the fuel with ALL the air. 


CONTROLLERS 


VALVELESS AUTOMATIC. Positive 
control of oil feed. Straight line tem- 
perature control. 


FURNACES 


for Forging, Heat Treating, Soft 
Metal Melting. 





WRITE FOR BULLETIN M-550 


. MAAN FA TU ia 
ANU AY 2. 
NSION 
2825 EA HENN 
MINNEASB 
>i ™ Ek ae ae | FA T RER F N\ TRIA HEATING Ft 
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Origin of Inclusions 


(From p. 714) taining Cag indi- 
cates that lime-bearing slag com. 
bines with the surface of the ladie 
brick, which on subsequent use 
becomes a source of inclusions, 

Recommendations for avoiding 
inclusions are: 

1. Deoxidation with Silicon 
before adding aluminum. 

2. Confining aluminum addi. 
tions to the ladle — since, if added 
to the furnace, aluminum was found 
to react with the dolomite hearth 
to form spinel inclusions. 

3. Use of bottom casting. 

4. Use of firebrick refractories 
which are free from quartz. 

5. Boiling fireclay nozzles ip 
tar. 

6. Thorough cleaning of slag 
from the ladle after each heat. 

7. Development of basic patch- 
ing cements for launders, ladles, 
tun-dishes, and other equipment 
to supplant the siliceous materials 
now in use. 8 


Anodie and 
Organic Finishes 


THE FORMATION of self-coloring 

anodized coatings on aluminum 
by the oxalic acid bath process is 
described at length by H. Fischer 
and N. Budiloff.* It has been 
known for some time that in the 
anodic oxidation of aluminum and 
some aluminum alloys, oxide films 
with a characteristic self-color are 
produced under certain conditions. 
Electrolytes based on oxalic acid 
produce color tones varying from 
a weak yellow to a dark brass or 
old-gold tone. These effects should 
find considerable use in architec- 
ture. These colored coatings differ 
from those produced by special 
decomposition or structure of the 
base metal, but heretofore little 
information has been available 
regarding their nature. It is now 
suspected that they originate from 
some decomposition product of the 
oxalic acid. 

High temperature in the oxide 
layer during the process of form* 
tion is necessary to produce a col 
ored film, but in addition there are 
certain chemical influences of the 
electrolyte. If it (Cont. on p. 718 
~ *Korrosion und Metallschutz, V. ™. 
No. 3, March 1944, p. 115 to 119 





e Two great strides in steelmaking are Sulfite-Treated Steel, the 
more machinable steel, and "H” Steels, alloy steels of guaranteed 
hardenability. 

Sulfite-Treated Steel, originated and developed by Wisconsin 
metallurgists, has proven itself to be far more machinable than 
ordinary steel even after being hardened by heat-treatment. Yet 
its physical properties are entirely satisfactory. In every applica- 
tion where machinability counts, increased production and low- 
ered costs have been the result. 

“H” Steels are alloy steels produced to your “product prescrip- 
tion.” This means that “H” Steels have a much narrower harden- 
ability band guaranteed. Wisconsin has been a leader in the de- 
velopment of these steels and at present is the largest producer 
of “H” Alloy Steels. 

Wisconsin’s completely integrated operations from ore and 
coal mines to the finished steel, staffed by top-flight steelmakers, 
are your assurance of excellence in alloy and special steels. Our 
sales and metallurgical staffs are at your service. 


WISCONSIN STEEL COMPANY 
(Affiliate of International Harvester Company) 
180 North Michigan Avenue Chicago 1, Illinois 


WISCONSIN STEEL OPERATIONS 
IRON ORE MINES COAL MINES OPEN HEARTH FURNACES 
HEAT-TREATING, COLD FINISHING AND ANNEALING FACILITIES 
ROUING MILLS ORE FREIGHTERS BLAST FURNACES 


WISCONSIN STEEL 
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WITH AUTOMATIC ELECTRODE CONTROL 


To its already extensive line of fast melting electric furnaces, 
Detroit Rocking Electric Division has added a new model—the 
type LFN, 150 Kw., with 500 Ib. nominal cold charge capacity, 
750 Ib. molten metal capacity. It will melt 900 Ibs. of bronze 
per hour, or 500 Ibs. of cast iron. Like other Detroit Electric 
Furnaces, this model has the well-known rocking action which 
produces automatic stirring. All melting factors, such as time, 
temperature, and composition, are under the sure, easy control 
of one man. The type LFN is available with attached electrode 
brackets and mechanical automatic electrode control, as shown 
above; or pedestal mounted electrode brackets with automatic 
hydraulic electrode control. There is a Detroit Rocking Electric 
Furnace to meet your needs—from 10 to 4000 Ibs. capacity. Send 
us your melting requirements, and our engineers will recommend 
the specific model best suited to your particular production. 


DETROIT ccecraic 
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Anodic Finishes 


(Cont. from p. 716) be assumed that 
the coloring constituent of the oxide 
layer is formed by the thermal 
decomposition of organic substances 
in the fine capillaries of the Oxide 
film, then the formation of a ¢ol. 
ored coating by the decomposition 
of pure oxalic acid would not be 
anticipated. Investigation of yari. 
ous electrolytes indicated that 
oxalic acid containing glyoxylic 
acid was much more effective than 
pure oxalic acid in producing stable 
colored films ranging from yellow 
to dark brown. The decomposition 
product of the glyoxylic acid, pro. 
duced by heat during the film 
formation, served to produce the 
characteristic and stable self-colora- 
tion of the film. It was reasoned 
that in the anodic formation of the 
oxide layer, chemically pure alumi- 
num simultaneously passes _ into 
solution. In this way, the oxalic 
acid is partially reduced to gly- 
oxylic acid and other compounds. 
The anodic process and chemical 
solution produce heat, which builds 
up in the fine capillaries of the 
oxide layer (a poor conductor of 
heat). The yellow to brown decom- 
position product which serves to 
color the film is then formed. 
Bichromate in Anodized Films 
-In another paper by Fischer and 
Budiloff* the sealing effect of 
bichromate on damaged anodized 
films on aluminum alloys has been 
studied. It is known that the 
anodically produced oxide film on 
aluminum and its alloys consists 
of a system of the finest capillaries, 
and such a film offers no satisfac- 
tory corrosion protection without 
some subsequent treatment. One 
of the most effective post treatments 
consists in impregnating the oxide 
layer with hot bichromate solution. 
The presence of excess bichromate 
in the oxidized film, as indicated 
by a bright yellow color, is of con- 
siderable practical importance, and 
provides the explanation for the 
superiority of the bichromate seal- 
ing treatment over other finishing 
methods for anodized films 
An explanation proposed for this 
is that if the anodized film is dan- 
aged by scratches or crevices, the 
excess bichromate present locally 
re-seals the damaged portion of the 
exposed base metal by its oxidizing 
effect. The useful protective effect 
of the anodized film may therefore 
persist for a rela- (Cont. on 720 
* Korrosion und Metallschu':, V. ® 
No. 3, March 1944, p. 129 to ! 
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CASE DEPTH — weCnES 
° 0.010 ain 0.030 


— salt? Bath temperature? Treating time? 
Case depth? A glance at this new reference 
chart will give you the answers. 

You can use it for a quick determination of the 
treating time and temperature to develop a specified 
case depth. Also, it will help you select the most 
advantageous bath to meet the treating conditions. 

There is also a convenient table showing physical 
properties of Du Pont Heat Treating salts —a 
useful guide for selection and make-up of these baths. 


DU PONT 


CYANIDES AND SALTS 
for Steel Treating 


BETTER THINGS FOR BETTER LIVING 
... THROUGH CHEMISTRY 


October, 1946; 


We'll be glad to help you with specific problems. 
The recommendations of our metallurgists are based 
on many years of practical experience in steel treating. 

Send for your Case Hardening Chart today! It’s 
20” x 29”, attractively printed in 3 colors—handy to 
mount—easy to refer to. And it's free! Just clip the 
coupon below! E. I. du Pont de Nemours & Co. (Inc.), 

Electrochemicals Department, Wilmington 
98, Delaware. 
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Gives Continued Accuracy, 
Rapid Measurements 


THE CLARK has everything you 
want in a hardness tester—direct 
reading precision dial, durable con- 
struction, ease of servicing. Three 
standard models shipped complete 
with weights, dust protectors, dia- 
mond and steel penetrators, test 
blocks, and anvils. 


CLARKATOR CHECKS DIAL INDICATORS wich 
micrometer speed and sine bar ac- 
curacy. Easy to operate—just four 
simple steps. Complete instruc- 
tions, perma- 
nently fas- 
tened to base. 


MASTER DIAMOND 
CHECKING elimi- 
mates hardness 
tester errors. 
Consists of a mas- 
ter diamond pen- 
etrator and two 
test blocks. Pre- 
cision is assured 
over a long pe- 
riod because the 
set is used only for 
checking. ur- 
nished in leather 
case. 


Learn the truth 
about hardness 
testing! This 20- 
page reference 
manual (right) 
contains infor- 





mation on his- 
tory, theory, prac- 
tice, and equip- 
ment for modern 
hardness testing. 
Available to ex- 
ecutives without 
charge. Write 
Dept. MMS to- 
day! . 


CLARK 


INSTRUMENT, INC. 








10200 Ferd Reed 7 Dearborn, Mich. 





Anodic Finishes 


(Cont. from p. 718) tively long time, 
by virtue of this excess bichromate 
absorbed in the film capillaries. 
The effectiveness of bichromate in 
re-sealing such local damage 
depends on the area of the crevice 
formed, and extends to cracks in 
the film 0.04 to 0.08 in. wide. 

Anodized oxide films on mag- 
nesium alloys and phosphate films 
on iron or zinc show no such heal- 
ing effect on impregnating with 
bichromate solution at points of 
localized damage. The treatment 
is also ineffective on chromate films 
on zinc produced either by dipping 
or by anodic treatment. 

Organic Films Capable of 
Deformation — Considerable inter- 
est is being shown by the German 
metal fabrication and forming 
industry in methods by which an 
organic finish (such as a varnish) 
may be applied to metal sheet or 
blanks before forming into final 
shape by drawing on a mechanical 
press. Patent literature of several 
countries has recently carried many 
references to such a finishing treat- 
ment, and the special properties of 
a suitable organic finish have been 
discussed by H. F. Sarx.* 

Varnishes are used for this pur- 
pose, and are usually baked after 
application. Good adhesion to the 
base metal is a requisite, but other 
properties of the lacquer coating 
will vary with the precise nature 
of the subsequent forming opera- 
tion. Although it would seem 
unlikely that a relatively soft coat- 
ing such as an organic finish could 
withstand such severe working 
requirements as, for example, in the 
manufacture of metal boxes and 
containers, the process lends itself 
admirably to this purpose. Thread 
rolling may also be practiced with 
these pre-applied finishes. Two 
stages during fabrication require 
special attention to avoid damage 
to the coating—namely, a deep 
draw and the formation of sharp 
edges (two dangers often encoun- 
tered simultaneously). High exten- 
sion and contraction stresses are 
imposed on the coating during such 
forming processes. 

Mr. Sarx believes that it is 
incorrect to specify elasticity as a 
desirable film property in this con- 
nection, since such a film would 
tend to spring back after the form- 
ing process. The film coating should 
tend more toward (Cont. on p. 722) 


*Korrosion und Metallschutz, V. 20, 
No. 1, January 1944, p. 60 to 63. 
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“ALLMETAL” 


All Metal Cutting Jobs 


Standard tools of all grades . . . Gen. 
eral Purpose, Cast Alloy, and Tung. 
sten Carbide. Three of a kind when it 
comes to quality, a Delloy tool. bit, or 
tip will do the job better and faster. 
Delloy tools hold their edges longer, 
thereby increasing the number of 
pieces produced by cutting the down. 
time. Prove it today by sending for 
samples of the size and type of cut 


ting tool you are now using. 


If you can’t tolerate the tolerances 
you are getting . . . if you have a 
problem in turning, boring, planing, 
or facing, don’t let idle machines and 
men fatten your overhead . . . talk 
over your problem with Delloy 
Delloy’s skilled staff of tool designers 
and metallurgists will produce the 
best and proper grade of tool for your 
particular job. Send a_ blueprint 
sketch, or sample. Our complet: 
grinding department assures quick 
delivery on special tools. Standard 


tools stocked for immediate delivery. 


Dolloy 


METAL LORPORATION 
CUTTING TOOLS 


Affiliate of Ace Manufacturing Corporation 


1207 East Erie Ave., Philpdelphic 24, Pe 


Sales Representatives in o!! 
Principal Cities 
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Are your 


Corrosion 
Problems 


Everyone knows that Stainless is ideal 
for handling nitric acid—but what 
about corrosion from these other chemi- 
cals? Eastern's Technical Staff answer 
questions like these every day. Some- 
times the answer can be found only 
with test sheets; more often the expe- 
rience for which Eastern technical men 
have gained their esteem provides a 
rapid, accurate solution to the problem. 
And much basic, useful information 
on the corrosion resistance of all types 
of Stainless Steel is in the new com- 
plete catalog ‘‘Eastern Stainless Steel 
Sheets."’ Write for your copy. JI E-FF: 


“Ask EASTERN for the Answer 
when STAINLESS is the Question” 


















October, 


Salt Water? 


including rudders and stabilizer fins 


Fruit Juices? 


ing lemon juice? 


~ we 


boiling concentrated hydrogen peroxide, would low-carbon E-S 
18-8 stainless (Type 304) containers be resistant? 


; 


How can we inhibit pitting at the liquid line? 


maleic anhydride in making synthetic resins? 
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Please suggest the type of Stainless 
Steel most suitable for a new line of highest-quality marine trim, 


Will E-S 18-8 Stainless (Type 302) can- 
ning reservoirs be all right for handling citrous fruit juices includ- 


m* Boiling Peroxide? 
For a new oxidation process using 


Chloride Storage? 
Our processing involves storing cold 
alkali-metal chloride solutions (aqueous) in E-S 18-8 stainless tanks 


Welded Vessels? 


What type of Stainless would you rec- 
ommend for large all- welded autoclaves to handle reactions of 





Coleman Spectrophotometers 


EVERY colorimetric determination reported in 
the 80-page booklet 


SYMPOSIUM ON ANALYTICAL 
COLORIMETRY AND PHOTOMETRY 


Sponsored 4 Fath a8 Committees 
2 @ - 


Presented at the Forty-seventh Annual Meeting, 
American Society for Testing Materials, New 
York, June 28, 1944 


may be done on the new simplified 


coLEMAN SU NYQR srectropHotometer 


See Page 726, “Spectrophotometers versus Filter Photometers.” 
Copies of this comprehensive report are available for $1.00. 


replace all filter 


photoelectric colorimeters as ANY band is avail- 
able with the turn of ONE knob. The JUNIOR 
(Model 6 A) is a true Spectrophotometer so extra 
filters are mot required . . . any wave band is 
available from 400 to 700 mm. at the turn of the 
selector knob. Accepts test tubes from 10 mm. 
to 1” diameter. 


FREE— we will gladly send NEW water and 
steel analysis procedures by Dr. Max Herzog, 
Frisco Railway laboratory ... and the Combined 
Method of Steel Analysis by W. H. Sobers of Chain 


Anodic Finishes 


(From Pp. 720) plasticity so that 
it can flow with the meta] under 
the drawing pressure. This require. 
ment is particularly important jp 
forming articles with sharp edges, 
Film thickness is also a factor: pre. 
applied thick films do not form as 
readily as thinner ones. 

Since this type of finish jg 
largely used for food containers 
the chemical resistance of the 
enamel is of considerable impor- 
tance. Up to eight years ago, these 
finishes were compounded almost 
exclusively on an oil basis, but 
more recently synthetic resin fip. 
ishes are coming into favor, The 
phthalate resins and (what is almost 
the same thing) the alkyd resins 
are most suitable. The compouné- 
ing agents for these synthetic resin 
finishes are the fatty acids, phthalic 
acid and glycerine. These finishes 
have the advantage of an appre 


Belt Co. Write Dept. MP-10 for your copy. ciably short drying and baking 


. o 

An authorized " ° a : 7 
Coleman Distributor @ Write for Waco Catalyst Vol. 7MP10 time. These special characterisiics 
of an alkyd resin film can be favor- 


ably combined, by suitable con- 
Ww i FP K t n © - A « D iJ R 4 0 » + 0 pounding, to provide an excellent 

° film. For really satisfactory large 
111 NORTH CANAL STREET e CHICAGO6 ILLINOIS’ scale operation careful cooperation 
is necessary between paint manv 
facturer and metal fabricator. 6 





FOR INDUSTRIAL HEATING 


Cutting Fluids 


WARREN 
Liqugfied 


T THE Institution of Mechanical 
f Engineers’ conference on 
Machinability held in London in 
May, an account was given of the 
studies on cutting fluids conducted 
by the Department of Munitions 0 
Australia (Engineering, June 4, 
1946, page 570). The conclusions 
could be summarized as follows 

First, experiments with a nui 
ber of oils containing essentially 
the same sulphu--chlorine base, but 
blended with mineral oil to differ 
ent viscosities, indicated the si 
nificance of viscosity and provided 
some evidence as to the effect of 
base concentration for a wide 
range of operations. The work had 
suggested that one. base was sills 
factory for a wide | f 
operations, but that the base co™ 
centration should perhaps be som 
what higher in threading and 
broaching than in other operations 
CORPORATION That conclusion was consistent 
»MA with statements in the literature. 

Second, the performance: of cut 
ting fluids in (Cont, o! i 


WARREN PETROLE 


Ll > 4 4 


Mobil Houston 
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what every 
orgings buyer 
77 Should know 





TuBE TUuRNs is a good source for forgings of this type. 
Forgings which require a maximum of forged tensile strength. 
Forgings which must be economically turned out in maas- 
production quantities. TuBE Turns’ forge shop is excep- 
tionally well organized for this specialized work with a 
complete range of modern high-speed mechanical presses 
and upsetters, including the largest. These are closely co- 
ordinated under one roof with TuBE TuRNs’ own first-rate 
die design, die-making, laboratory, and rough machining 
facilities. Tube Turns (Inc.), Louisville 1, Kentucky. 






e- : District offices at New York, Washington, D. C., Philadelphia, Pittsburgh, 
d : Cleveland, Detroit, Chicago, Houston, San Francisco, Los Angeles. 


: , TUBE TURNS G09 Zipings foc Suclustty 
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The Induction Heating Corporation Engineer 
Talks to Mr. X on Heating For Forging 


MR. X .... I gather, from what 
you've told me about induction braz- 
ing, that heat penetrates through the 
entire joint area. I thought induc- 
tion heating was suitable for surface 
heating only. 


ENGINEER .... I’m afraid I’ve giv- 
en you the wrong impression. While 
it’s true that electrical energy is con- 
verted to heat energy at the outer- 
most surface of the metal being 
heated inductively, this heat tends to 
be conducted into the inner layers, 
resulting in a definite temperature 
gradient across the material. The 
steepness of this gradient depends on 
the conductivity of the metal and the 
relative rates of energy input to the 
heat-generating layer. In the case 
of surface hardening, the input rate 
is maintained as high as possible in 
order to confine heat to the outer 
surface and remove it by quenching 
before it can be conducted to the in- 
terior. For forging work, however, 
where deep heating is required, the 
input rate per unit of surface area is 
lowered so that the temperature gra- 
dient from outside to inside is flat or 
negligible. 


MR. X .... Just how does your 
THER-MONIC Induction Heating 
equipment fit into the forging shop? 


ENGINEER ... . Induction heating 
equipment is installed on the produc- 
tion line next to the forging ma- 
chines. Parts are rapidly brought up 
to forging temperature and are fed 
in a continuous, steady flow to the 
forg machines. One of the main 
advantages of using induction heat- 
ing for forging is its short heating 
cycle, compared to furnace methods, 
and the resultant minimum of scale. 


MR. X .... How can induction heat- 
ing minimize scale? 


ENGINEER ... . Because induction 
heating equipment heats parts with 
great rapidity, they are at the high 
temperature where scale takes place 
for a relatively short time, compared 
to overall heating methods. Thus, 
very little or practically no scale for- 
mation results. By minimizing scale, 
induction heating boosts forging die 
life as much as 300 percent and pre- 
vents die sticking. Elimination of the 
scale problem has saved as much as 
5 percent of the total wy of forg- 
ings, normally lost in the form of 
scale. No de-scaling is necessary. 


ae 
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The Most Efficient and Economical System for 


f 


Since a minimum of scale is pounded 
into the forging, secondary machining 
and finishing costs are reduced. Ab- 
sence of scale means a better finished 
product and fewer rejects. Induction 
heating, however, effects other strik- 


ing economies, aside from those re- 
sulting from scale elimination. 


MR, X .... Speaking of savings, isn’t 
the initial cost of induction heatin 
equipment much higher than that o 
gas or oil-fired furnaces? Will these 
savings compensate for the higher 
equipment cost? 


ENGINEER .... Yes, Mr. X., Induc- 
tion Heating equipment costs almost 
four times as much as a standard 
forging furnace. The money-saving 
advantages of induction heating more 
than counterbalance the equipment 
cost, however. Savings from scale re- 
duction alone more than justify the 
greater investment. Induction heat- 
ing operation costs are lower than for 
furnace heating since power is used 
only when parts are heated. No en- 
ergy is wasted in warming-up periods, 
and furnace maintenance costs are 
done away with. Expensive ventilat- 
ing systems and mid-summer slow- 
downs are eliminated through the 
improved working conditions of in- 
duction heating. The induction heat- 
ing unit acts as a forging output reg- 
ulator. If forging machines should 
require unexpected maintenance, 
which necessitates their sudden shut- 
down, further heating of parts may 
be stopped without loss by simply 
pushing a button. In contrast to 
batch-type furnace heating methods, 
induction heating prevents the possi- 
bility of having a large number of 
heated parts accumulate and cool, or 
remain at high temperature too long 
in the furnace and take on additional 
scale while the forging machines are 
undergoing repair. Unskilled help can 
easily operate this equipment. org- 
ing quality is improved through great- 
er uniformity in heating results. 
Costs are repaid with profits by the 
savings effected by using induction 
heating for forging work. 


MR. X.... You have a pretty strong 
argument in favor of induction heat- 
ing for forgings. 

ENGINEER .... Yes, THER-MONIC 
Induction Heating equipment has 
proven a very valuable tool to the 
forging and metal-working industry. 


— -___——’..- , INDUCTION HEATING CORPORATION 
THERMONMEG! Gla) acaverei 


sT NEW Yous o, N.Y 
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Cutting Fluids 


(From p. 722) machining operations 
had been compared with friction 
measurements, using the Bowden. 
Leben machine. The results sug. 
gested that there was no genera) 
correlation. This might be due, jp 
part at least, to the considerable 
difference in sliding speeds in the 
machining and friction tests, byt 
even at higher speed sliding plane 
surfaces could not be expected to 
develop temperatures comparable 
to those existing at a tool tip, 

Experience had shown that 
some soluble oils or pastes have 
very good lubricating effects. One 
of the soluble pastes developed by 
Vacuum Oil Co. in Australia had 
given very good results in broach- 
ing a nickel-chromium steel and in 
reaming the Bofors barrel — inci- 
dentally, operations at low sliding 
speed. It is also doubtful if sulphu- 
rized oils should be classed prima- 
rily as coolants, even though fricticn 
and presumably temperature was 
reduced on jobs where they 
replaced mineral and fatty oil 
blends, for specific heats of non- 
soluble oils are generally similar 

One approach in the search for 
a cutting oil that would help 
reduce the friction between the 
nose of the tool and the work was 
to study its “boundary” lubricating 
properties at high temperatures 
and loads, for these reasons: 

It is known that when unlubri- 
cated surfaces are rubbed together, 
the metals flow plastically at the 
regions of contact until the area of 
contact is suflicient to support the 
applied load. Metallic junctions 
form over that area, and it is the 
shearing of those junctions that 
constitutes the frictional force. If 4 
lubricant is placed on the surface, 
and the pressures are too high for 
fluid lubrications to occur, the 
lubricant is squeezed out, and 4 
film of lubricant is left one or two 
molecules thick, whose main pur- 
pose is to reduce the amount of 
intimate metallic contact between 
the surfaces, thus reducing friction 
and wear. If the surfaces are hard, 
the pressure that the film has to 
undergo is considerably increased; 
nevertheless, most “good” boun 
ary lubricants are quite effective 
on hard surfaces. Because the pres 
sures are high, however, the lot 
temperatures developed during 
sliding would be much higher with 
hard metals than they would be 
under comparable conditions with 
soft metals; and (Cont. on Pp. 728) 
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SPECIFY STEEL CASTINGS FOR 
oO 
Aeronautical 
Agricultural Machinery * 
Automotive . ° ° 
Bearing Modern foundries exercise close metal- 
Boiler, Tank & Piping ; : e 
Bridge owes > - (rever ae ve) 
a lurgical control over eve ry heat of steel. 
Compressors (Pneumatic) . ° : . . 
Seasenes & Shatectel Gaadiies Continuous testing makes certain that * 
Crushing Machinery & Cement g , ; 
Mill the steel in your casting will meet all 
Dredge d r te 
Electrical Machinery & ° > R . 
Equipment requirements of your particular job. 
Elevater . 
Engine * 
Food Processing & Packing 
Plant 
Foundry Machinery & } 
Equipment 
Gas Producer & Coke Oven 
Gears ” 
Heat Treating Furnace & 
Equipment 
Hoist & Derrick 
Iron & Steel Industries eo 
Metallargical Machinery 
Mining Machinery & 
Equipment > 
Ordnance 



















Oil or Gas Field & Refinery 

Overhead Crane & Charging 
Machine 

Paper Mill 

Printing Press 

Pump 

Railroad 

Refractory, Brickyard & 
Ceramic 

Refrigeration Machinery 

Road & Building Construction 

Rubber Mill 

Ship & Marine 

Shoe Machinery 

Smelting Plant 

Spray Painting Equipment 

Steam Turbine * 

Street, Elevated & Subway Cars 

Textile Machinery j 

Valves, Fittings & Piping a 

Well Drilling Equipment 














Cleveland, Crucible Steel Casting Company Milwaukee, Sivyer Stee! Casting Compeny 
: Almira & West 84th. ; 1675 S. 43rd St. Milchell 1442 
Ohio W Oodbine 4613 Wisconsin 









Philadelphia, Dodge Steel Compeny Chicago, pe te Compeny 


me Tecony. MA Yisir 1650 Illinois SAGinaw 9600 














Ind; ; : Detroit Steel Casting C 
ndianapolis, Electric Steel Castings Company Detroit, 4069-41 40 Michigen pci 


CCPL Ey speedway. Belmont 0400 Michigan LA fayette 5710 

























Newark, American Steel Castings Co. Toledo, Unitcast Corporation, 
Avenue “L" and Herbert Steet : Steel Casting Division 
Market 3-5464 CLT = Front and Millard Ave. POntiec 1545 





New Jersey 
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SUPERSONIC 
FLAW DETECTOR 
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Inspecti 
specting Forged Axles 


SUPERSONIC 





SPERRY PRODUCTS, INC. 

HOBOKEN, N. J. 

Please send me copies of the following articles and bulletin on super- 
sonic testing of materials. Our products are (forgings, castings, 
billets, etc.) 





Moterial is liron, steel, brass, glass, et) 





CHECK HERE: 


[] REPRINT NO. “Inspecting Forged Axles" 

[} REPRINT NO. “Supersonic Flaw Detector" 

[] REPRINT NO. “Supersonic Testing in a Steel Plant’ 
[] REPRINT NO. "1945 Lester Lecture” 

(] Bulletin NO. “Supersonic Reflectoscope"’ 


COMPANY NAME 


ADDRESS - iniaila 
MY NAME _— ——— 
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Cutting Fluids 


(Cont, from p. 724) thercfore one 
the crucial tests of a lubricant 
when the pressures are high js , 
so much that it should fynes 
under high pressures but tha 
should function at the high tq, 
peratures that were reached during 
the sliding process. The seare) 
therefore, for a good extrem, he 
sure lubricant, that could be yy 
to reduce the friction between 4) 
nose of the tool and the y 
resolved itself largely into a seare 
for a boundary lubricant whj 
operates effectively at high temp 
atures. Of course, if that lubri, 
also acts as a coolant. so much ¢ 
better. 

Recent Australian experi 
showed a good correlation bet 
lubrication properties of a series 
cutting oils at room and at elevyat 
temperatures as determined in |a! 
oratory tests and in turning test 
in the shop. In one case this « 
relation failed, but it was believ: 
that it was due to the formation 
a built-up edge which prevent 
action at the surface of the t 
This brings up the point that | 
tool and work must be access 
to the lubricant. 

In another series of tests 
drawing operation involved met 
lic deformation at high pressu 
between wall and die, and d 
oped high temperatures rhe 
oratory performance agreed 
well with the drawing operati 
the shop: it was that work wl 
led to the development of a s¢ 
oil now widely used in Australi 

The method of applicati 
the emulsion is of wide interes 
If an ordinary soap. solutio 
placed on a surface and a fricl 
test done on it, the lubricant \ 
break down at 100° C. from eva] 
ration of the water, but if th 
lubricant film is deposited fre 
very volatile solvent it will lu! 
cate up to much higher tempe! 
tures. That fact had a_ practi 
application in drawing operat 
where, if the emulsion is appli 
as a dry film by immersing 
metal in a hot solution and tak! 
it out so that most of the wat 
evaporates, a much better perfor 
ance is obtained. Those expe! 
ments showed that, if the frictl 
between the work and the ¢ 
could be reduced under the actu 
conditions of operation, the pr 
tical results reached muc! 
more satisfactory for al! sorts 
machining operations. 
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ar THE METAL SHOW 


ATLANTIC CITY - NOVEMBER - 18 — 22 


JOSLYN MFG. AND SUPPLY CO. 
FORT WAYNE, INDIANA 
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